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With this issue, Radiological Health Data and Reports makes its 
appearance, not as a successor to Radiological Health Data, but rather as 
a more accurate expression of the function served by the publication since 
it was first issued in 1960. 

Its revised format provides for the separation of articles dealing with 
data received through regularly reporting surveillance networks and 
programs from reports in which data are reviewed, analyzed, and inter- 
preted. Also, the text material in the “Data” sections is considerably re- 
duced as compared with the narratives that previously accompanied 
corresponding articles, the current short introductory texts being intended 
solely to provide orientation to the data. Definitive descriptive papers are 
included as references for the reader who requires more detail on indi- 
vidual networks and programs. 

Where it becomes necessary or advisable to include extensive inter- 
pretive discussions or methodology, such articles will qualify as reports, 
and will appear in the “Reports” section. One other change is that all 
reports will be found grouped in a single section, rather than dispersed 
among the different “Data” sections as in the past. 

It should be emphasized that this publication’s established purposes 
and responsibilities—the collation, analysis, and interpretation of data on 
environm ntal radiation levels—remain unchanged. These responsibilities 


were delegated to the Department of Health, Education, and Welfare by 
Presidential directive in 1959, and have not been altered. 

It is hoped the reader who has a general interest in the field as well 
as the investigator who employs its data will find that the new format of 
Radiological Health Data and Reports will contribute to economy in 
reading time while still retaining useful detail in the “Data” sections. 
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In August 1959, the President 
directed the Secretary of Health, 
Education, and Welfare to inten- 
sify Departmental activities in the 
field of radiological health. The 
Department was assigned respon- 
sibility within the Executive 
Branch for the collation, analysis, 
and interpretation of data on en- 
vironmental radiation levels. The 
Department delegated this respon- 
® sibility to the Division of Radio- 
logical Health, Public Health Serv- 
ice. 


Radiological Health Data and 
Reports, a monthly publication of 
the Public Health Service, includes 
data and reports provided to the 
Division of Radiological Health by 
Federal agencies, State health de- 
partments, and foreign govern- 
mental agencies. Pertinent original 
data and interpretive manuscripts 
are invited from investigators. 
These are subject to review by a 
Board of Editorial Advisors with 
representatives from the following 
Federal agencies: 


Department of Defense 

Department of Agriculture 

Department of Commerce 

Department of Health, Educa-, 
tion, and Welfare 

Atomic Energy Commission 
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Reports 


THE APPEARANCE OF IODINE-131 AND BARIUM-LANTHANUM-140 
IN FALLOUT DUE TO THE SECOND CHINESE NUCLEAR TEST 


James E. Johnson, Daniel W. Wilson, and Gerald M. Ward! 


SYNOPSIS—Fresh fission product debris of the May 14, 1965 Chinese 
nuclear device test was detected at Fort Collins on May 25. Levels of 
iodine-131 in milk reached a peak of 130 pCi/liter on June 5. Barium- 
lanthanum-140 was not detected in milk samples. The expected spring 
increase of cesium-137 was observed in forage and milk samples. 


Evidence of the second mainland Chinese 
nuclear test of May 14, 1965, was detected at 
Fort Collins, Colorado, on May 25, 1965. On 
this date the short-lived fission products **'Ce, 
Ru, *Zr-Nb, and **°Ba-La were found in pre- 
cipitation and on forage samples which were 
being collected routinely .n a study of fallout 
deposition at Colorado State University. These 
nuclides were first identified in a gamma-ray 
spectrum of an alfalfa sample harvested on 
May 25 and counted one week later (1). The 
radionuclides **°Sb, **°Cs, and **Mn from older 
nuclear debris were completely masked in the 
gamma-ray spectrum by the photopeaks of the 
shorter-lived nuclides in the fresh fallout. The 
normal spring increase in ***Ce, **°Sb, *°*Ru, 
87Cs, and Mn was expected at approximately 
that time as it had been observed here for the 
previous three years of fallout monitoring. 
By means of chemical separations of fission 
products in forage (2), an increase in cesium— 
127 content was shown from May 20 to June 4. 
The increase in cesium—137 was probably al- 
most all due to the normal spring injection of 
older debris and not to the Chinese test. 

Iodine-131 was detected on May 27 in the 
milk from a nine-cow herd fed greencut alfalfa 
harvested daily. Iodine—131 levels in milk from 
May 25 to June 26 are given in figure 1. 
Pasture forage levels of barium-lanthanum-140 
are shown in the same figure. By comparison, 


the iodine-131 concentrations in milk from our 


pasture herd during July 1962 reached a peak 
around 4,000 pCi/liter. 


1 Dr. Johnson is a radiation biologist, Mr. Wilson a 
chemist, and Dr. Ward, Professor of Animal Science, 
Colorado State University, Fort Collins, Colorado. 
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Figure 1. Pasture levels of barium—lanthanum-140 and 
milk levels of iodine-131 at Fort Collins, Colorado, 
from the second Chinese nuclear device test (arrow 
indicates date of detonation) 


All environmental samples were counted by 
gamma-ray spectrometry with an 8- by 4-inch 
sodium iodide (thallium) crystal under condi- 
tions of low background. Barivum-lanthanum-— 
140 was not detected in 5.5-liter milk samples 
counted 2 hours on the large crystal. It was, 
however, observed in an in-vivo gamma-ray 
spectrum of a cow from the herd. The count 
was made by a 9- by 4-inch sodium iodide crys- 
tal over the rump of the cow in our whole-body 
counter. Figure 2 shows the gamma-ray spec- 
tra of the cow and of the feces sample contain- 
ing fresh Chinese test debris. 

Krey and Rosa (3) indicate that the leading 
edge of the debris cloud from the second 
Chinese test should have arrived over Fort: 
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Figure 2. Gamma-ray spectrum of a cow fed green-cut 
alfalfa and spectrum of feces sample from cow (whole 
body counting time, 25 minutes; feces counting time, 
180 minutes) 


Collins about May 18; however, our ground 
level air sampling did not indicate fresh fallout 
until 10 days later—May 28. The fresh fallout 


Relative counts (feces) 


was detected in rain that fell May 23-25, which 
indicates that the upper tropospheric activity 
was being excluded from ground-level air. Be- 
tween May 23 and June 30, Fort Collins re- 
ceived 6.0 inches of rain, more than one-half 
the average annuai precipitation. This was a 
major factor in the high total deposition; but 
due to the frequency of heavy rains, the effi- 
ciency of deposition (i.e., the deposition co- 
efficient) is not expected to be high (4). 
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GAMMA ACTIVITY IN SURFACE AIR—80TH MERIDIAN NETWORK 


JANUARY-MARCH 1965 


Philip W. Krey? 


SYNOPSIS—Monthly measurements of gamma activity during the first 
quarter of 1965 are presented for stations in both hemispheres. Latitude 
profiles of the results for the first 3 months of 1965 show maxima at 
midlatitudes for both hemispheres, a low near the equator, and a mini- 
mum at Chacaltaya, Boliva. Comparison of first-quarter profiles for 
1964 and 1965 indicates generally similar shapes, although gamma 
activity decreased sharply in the Northern Hemisphere in early 1965. 
Average concentrations for the hemispheres show spring maxima and 
evidence of the mainland Chinese nuclear test of October 16, 1964, as 
well as different trends in the two hemispheres. 


Gamma activity in surface air has been 
reported monthly by the U.S. Atomic Energy 
Commission Health and Safety Laboratory 
(HASL) since January 1963 as part of a con- 
tinuation of the 80th Meridian Program initi- 
ated by the U.S. Naval Research Laboratory. 

The core of the sampling network (figure 1) 
is a line of 14 stations in the longitude band 
from 66° W to 80° W, which extends from 
Thule, Greenland (76° 36’N), to Punta Arenas, 
Chile (53° 08’S). The U.S. Weather Bureau 
maintains a site at the Amundsen-Scott South 
Pole Station, and the samples from this location 
are also included in the HASL program. The 
high-altitude station at Mauna Loa, Hawaii 
(19° 28’N, 155° 36’W), was installed to serve 
as a comparator and Northern Hemisphere 
counterpart of the high-altitude station at 
Chacaltaya, Bolivia (16° 21’S, 68° 07’W), in 
the Southern Hemisphere. 

Figure 1 shows that the stations in the 
Northern Hemisphere generally lie along the 
east coast of the continent, while in the South- 
ern Hemisphere, the stations line the west 
coast. Since the prevailing wind is from west 
to east, there was concern that there might be 
some coastal effect. To explore this possibility, 


1 Mr. Krey is a staff member of the Environmental 
Studies Division, Health and Safety Laboratory, U.S. 
Atomic Energy Commission, New York, N.Y. 10014. 
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six additional sites within the continental 
United States were activated in August 1963. 
A review of the data generated by this program 
and a comparison with the United Kingdom 
Surface Air Sampling Program have shown 
that local meteorologic conditions may have 
some short-term seasonal effects on surface air 
radioactivity concentrations, but that the an- 
nual concentration in a particular latitude band 
is essentially independent of longitude or 
coastal effects (1, 2). 


Sampling and analytical procedures 

About 1,400 cubic meters of surface air per 
day are drawn through an 8-inch (20.32 cm) 
diameter polystyrene base filter (Microsorban). 
The filters are changed on the lst, 8th, 15th, 
and 22nd of each month. During periods of 
nuclear testing, the spectrum of each sample 
is measured at HASL with an 8- x 4-inch Nal 
(thallium) crystal, approximately 2 weeks af- 
ter collection. During quiescent periods when 
fresh fission product debris is absent in surface 
air, the weekly samples are compressed and 
assayed as a monthly composite. The gamma 
ray activity in the range between 100 keV and 
3.0 MeV is integrated and reported as the total 
gamma activity. Subsequently, the weekly 
samples are combined into a monthly composite 
and analyzed radiochemically for fission prod- 
ucts, induced radionuclides, and specific tracers. 

















$ 
om 
° ® 
o - 
os 
—— 
ss 
1 
0° } 
“, 
LEGEND: 








@ LONGITUDE BAND 65° W to 89° Ww 
@ LONGITUDE BAND 90° W to 125° w 





0 200 400 600 800 1000 
ui 


Scale in Miles 




















Figure 1. HASL 80th Meridian Network sampling stations 


Radiological Health Data and Reporis 











Activity latitude profiles 

The total gamma activity concentrations in 
monthly composited air filter samples for Janu- 
ary, February, and March 1965 are given in 
table 1. The data are corrected to the midpoint 
of the sampling month via the measured decay 
curve of several samples collected in both the 
Northern and Southern Hemispheres. The ac- 
tivity latitude profiles for each month (plot of 
activity concentration versus latitude) are pre- 
sented in figures 2, 3, and 4. The averages of 
the New York and Westwood stations are 
plotted as a single value on each of the figures. 
The curves are drawn through the points in the 
65° W to 89° W longitude band. The points in 
the 90° W to 125° W longitude band sometimes 
deviate from the curves, but they do not signi- 
ficantly alter the profiles.2 The profile for the 
average gamma concentrations during the first 
3 months of 1965 is compared in figure 5 to the 
average profile for the first quarter of 1964. 

Daily air filter samples were collected at New 
York from January 21 through February 1 in 
an effort to detect debris from the U.S.S.R. 
underground test on January 15. Fresh fission 


2A complete discussion of longitudinal effects was 
given in a summary of 1964 results, see July 1965 
Radiological Health Data, p. 346. 




















Table 1. Gamma activity in surface air 
January-March 1965 
Gamma activity 
(Photons/min+m') 
Sampling site Latitude 
January| Feb- March 
965 ruary 1965 
1965 
Northern Hemisphere: 
Thule, Greenland ----_-_-_____--- 76°36’ | 0.184 | 0.132 0.287 
Moosonee, Canada---_-______-_- 51°15’ | 0.0983 | 0.132 0.1 
Stn saccecnenaaue 47°36’ | 0.0684 | 0.147 0.342 
un = , See 44°15’ | 0.133 0.188 0.295 
UR eee 41°00’ | 0.143 0.202 0.202 
SS aes: 40°48’ | 0.163 0.223 0.227 
Washington, D. C__..__....--- 38°58’ | 0.140 .209 0.177 
Palo Alto, Calif.............-- 37°30’ | 0.0954 | 0.227 0.311 
Midwest City, Okla____._._..- 35°25’ | 0.155 0.195 0.245 
Chattanooga, Tenn_________._- 35°03’ | 0.163 0.198 0.204 
Dy Piisennnoace< 25°49’ | 0.165 0.198 0.224 
Mauna Loa, Hawaii-_-_ 9°28’ | 0.128 0.310 0.209 
San Juan, P. R_____- 18°26’ | 0.111 0.133 0.186 
Miraflores, C. Z............... 9°00’ | 0.0748 | 0.0844 0.0290 
Southern Hemisphere: 

Guayaquil, Ecuador______._--- 2°10’ | 0.0301 | 0.0236 0.0160 
Lima, Peru___......_- ou’ 12°06’ | 0.0650 | 0.0523 0.102 
Chacaltaya, Bolivia_-_ 16°21’ | 0.0165 | 0.0171 0.0258 
Antofagasta, Chile____.._...-- 23°37’ | 0.0604 | 0.0540 .0484 
CE Ge « cncaccttsaumacd 33°27’ | 0.0766 | 0.0624 0.0514 
Puerto Montt, Chile_-_- 41°27’ | 0.0433 | 0.0495 0.0395 
Punta Arenas, Chile__._.......- °08’ | 0.0268 | 0.0371 
GE WO Sb cdkucceaeucsosene 0.0254 

















product debris as evidenced by the presence of 
barium-140 was not discernible in the spectra 
of any daily or weekly samples. It was con- 
cluded that no significant amounts of material 
from the U.S.S.R. test reached the HASL 
Surface Air Sampling Network. A similar con- 
clusion was made for the Kiwi destruct test of 
January 12 (3). 
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Figure 2. Profile of surface air gamma activity, 80th Meridian stations, 
January 1965 
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Figure 4. Profile of surface air gamma activity, 80th Meridian stations, 
March 1965 
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The profiles in figures 2 through 5 reflect a 
persistent pattern of maxima at midlatitudes 
in both hemispheres, a low near the Equator, 
and a minimum at Chacaltaya, Bolivia (16° 
21'S). The profile in the Northern Hemisphere 
for the first quarter of 1965 (figure 5) is simi- 
lar to the equivalent profile in 1964 but at 
one-fifth the concentration. The main difference 
between the two profiles is a less pronounced 
peak in the concentration at Miami, Florida 
(25°49’N), during 1965. In the Southern 
Hemisphere the two profiles are almost identi- 
cal from 12° southward. The concentration at 
Guayaquil, Ecuador (2°10’S), in 1964 is about 
four times the concentration in 1965, even 
though the concentrations at the other stations 
in the Southern Hemisphere are almost equal. 
This may be the result of a slight tropospheric 
transequatorial exchange between hemispheres. 
Since the disparity in the activity concentra- 
tions between the hemispheres was much great- 
er in early 1964, the effect of a slight trans- 
equatorial exchange would be more pronounced 
at that time than in the following year when 
the hemispheric concentrations were more 
nearly equal. 


These distributions of activity with latitude 
are consistent with a model of the atmosphere 


illustrated in figure 6 (4). Much of the activity 
from the stratospheric reservoir is considered 
to be transferred through the tropopause gaps. 
The activity is then transported downward at 
midlatitudes by the strong and weak circula- 
tion cells in each hemisphere which would give 
rise to maximum activity concentrations in 
surface air in these areas. As the air is ad- 
vected equatorward by the strong circulation 
cell, the activity is scavenged by precipitation 
and possibly impaction of the radioactive 
particles on the earth’s surface without signi- 
ficant reinforcement from above. This mecha- 
nism would provide for low concentrations in 
equatorial regions. The minimum concentra- 
tion of activity at Chacaltaya has been attrib- 
uted to the high altitude of this station (5-9), 
although a similar behavior has not been ob- 
served at Mauna Loa. 


Average hemispheric gamma concentrations 


The average gamma activity concentrations 
for each month in the Northern and Southern 
Hemispheres weighted for the volume of sur- 
face air in each 10° latitude band are plotted 
in figure 7 from the beginning of the HASL 
Surface Air Sampling Program in January 
1963. The mean concentration in each 10° 
latitude band was multiplied by the area of that 
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stations, first quarters of 1964 and 1965 
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10° band. The sum of these products from 0° to 
90° was divided by the total area of the hemis- 
phere to give the average hemispheric concen- sidan 
tration for the month. In the Northern Hemis- ——— Northem Hemiaphere 
phere, the concentrations were assumed to be | \ —  — == is hi ka Oi 
constant from the station at 76°36’N north- 
ward to the Pole. In the Southern Hemisphere, 
concentrations were determined at the Pole 
during November and December 1964 and 
January 1965 from the samples supplied by the 
U.S. Weather Bureau. Based upon these three '°| 4 
measurements, the average relationship be- ; 
tween the concentrations at the South Pole and 
the southernmost station (53°08’S) in the 
normal HASL network was established. The 
extrapolation southward from 53°S for months 
when no measurements at the South Pole are 
available was based on this average relation- 1 
ship. ; a 

In the Northern Hemisphere, spring maxima \ A 
are obvious in 1963 and 1964, as is the contri- ee ete 
bution from the mainland Chinese nuclear test ef 
of October 16, 1964. Concentrations are build- 
ing to another peak during the first 3 months 
of 1965. Assuming that most of the gamma 
activity in surface air prior to the Chinese 
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test has an apparent production date of October 
15, 1962, and making the appropriate correc- 
tions for radioactive decay, the half-residence 
time of debris in the Northern Hemisphere 
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Figure 7. Average hemispheric gamma activity 
concentrations for 1963 through March 1965 
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troposphere from April to June 1963 and from 
July to September 1963 is 54 days. The activity 
concentrations remained the same during June 
and July of 1963. From May to September 1964, 
the half-residence time for the Northern 
Hemisphere troposphere was 57 days, which is 
in good agreement with the 1963 value. These 
calculations make the oversimplifying assump- 
tion that no significant amount of activity en- 
ters the troposphere from the stratosphere for 
the remainder of each year after the maximum 
in the spring peak is reached. Consequently, 
this value represents a maximum half-residence 
time for tropospheric debris. This estimate of 
the half-residence time is a factor of about 
two higher than previous calculations of 30 
days, made during the nuclear test moratorium 
in 1959 (10). 


In the Southern Hemisphere, the average 
troposphere concentrations shown in figure 7 
decreased rapidly during the early part of 
1968, perhaps as a result of the rainout of 
debris from the U.S. tests at Johnston Island 
during late 1962. Again, assuming an October 
15, 1962, production date, and making decay 
corrections, the half-residence time for debris 
in the troposphere of the Southern Hemisphere 
from January to May 1963 is about 68 days. 
While this value is 25 percent greater than the 
half-residence time determined for the North- 
ern Hemisphere for both 1963 and 1964, there 
is probably no real significant difference be- 
tween the two. First of all, the decay correction 
which greatly affects the calculated half-resi- 
dence time for debris collected from January 
to May 1963 is more dependent upon the as- 
sumed production date than debris collected 
late in the year. Secondly, the activity concen- 
tration in the Southern Hemisphere during the 
first half of 1963 appeared to decrease at two 
different rates. For January and February, 
the half-residence time appears to be about 110 
days. For March through May, the value de- 
creased to about 34 days. Consequently, the 
uncertainty about the average is large enough 
to include the estimated half-residence time 


for the troposphere of the Northern Hemis- 
phere. 


There are apparent spring maxima in the 
Southern Hemisphere during the latter halves 
of 1963 and 1964, but they are not as clear as 
in the Northern Hemisphere. From September 
1963 to June 1964, the decrease in the average 
gamma activity concentration of surface air in 
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the Southern Hemisphere is not, greatly differ- 
ent from what might be expected from radio- 
active decay. The assumption that the spring 
maximum represents the only significant in- 
trusion of activity into the troposphere each 
year may not apply to the Southern Hemisphere 
at that time. For example, it has been sug- 
gested in this report and earlier (8) that there 
is some transequatorial penetration into the 
troposphere of the Southern Hemisphere by 
debris from the troposphere of the Northern 
Hemisphere. Whatever the explanation, it is 
evident from figure 7 that there were meteoro- 
logical parameters operative in the Southern 
Hemisphere after September 1963 which were 
not exhibited during the early part of 1963, or 
at any time in the Northern Hemisphere. 
Continuing with the assumption that the ap- 
parent production date of most activity in sur- 
face air even for the Southern Hemisphere was 
October 15, 1962, one can compare the activity 
concentrations during any particular month 
from one year to the previous year by calculat- 
ing an appropriate decay factor. These yearly 
decay factors decrease from 2.4 in October 
1964 to 1.8 in March 1965. On this basis, figure 
7 shows that the radioactive fallout in the 
Southern Hemisphere has been greater since 
September 1964 than it was during the corre- 
sponding period of the previous year. 
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RADIOCARBON IN THE ENVIRONMENT 
J.C. Drobinski, Jr 


SYNOPSIS—Analyses of various samples collected since July 1962 
indicate that radiocarbon levels in man and most of his foods have in- 
creased about 20 to 30 percent above 1950 levels. This compares to a 
carbon-14 increase in surface air on the order of 40 to 70 percent. 


In July 1962 a research program was initi- 
ated at the Northeastern Radiological Health 
Laboratory by the Research Branch of the 
Division of Radiological Health to assay foods 
for carbon-14. It is known that large quantities 
of this radionuclide are produced when neu- 
trons released in the explosion of nuclear 
devices are captured by nitrogen atoms (1). 
Man in general is reported to be 18 percent 
carbon; and DNA, for example, is 37 percent 
carbon. An increase of carbon—14 in man and 
his environment involves considerations re- 
lated to both somatic and genetic effects (2-7). 
It is desirable, therefore, to measure existing 
levels of this nuclide for evaluation of its 
potential radiological health hazard. This paper 
reports specific activities of carbon-14 found 
in environmental samples. These data are lim- 
ited in extent and permit only limited correla- 
tions between levels in different phases of the 
environment and in man. 


Background 


Carbon-14 is generally formed under oxidiz- 
ing conditions, and therefore exists in the air 
mainly as carbon dioxide; it enters the photo- 
synthesis process before it reaches animals and 
man through the food chain. 

There is natural or normal carbon-14 pro- 
duced by the cosmic ray bombardment of nitro- 
gen in the upper atmosphere. A value commonly 
used for the year 1950, or the “pre-bomb” era, 
is 14 + 1 disintegration per minute of carbon- 
14 per gram of carbon (8). Extensive data 
have been obtained on the carbon-14 content 
of the atmosphere (9), stratosphere (1), and 
the oceans (10-13), but only limited data exist 
on the content of other areas of the environ- 
ment or biosphere. 


1Mr. Drobinski is Chief, Carbon and Tritium Sec- 
tion, Northeastern Radiological Health Laboratory, 
Division of Radiological Health, 109 Holton Street, 
Winchester, Massachusetts. 
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Methodology and results 


Samples were burned in an atmosphere of 
oxygen at 800°C. to obtain carbon dioxide and 
water. A detailed description of methods and 
apparatus used has been published elsewhere 
(14). The carbon dioxide was further purified 
after combustion and counted in gas propor- 
tional counters. Table 1 lists specific data for 
individual food items and weekly composited 
institutional dietary collections (15-17). In all 
cases, the samples represent edible portions. 


Table 1. Carbon-14 content of foods 








Sample | Approximate date | dpm of 

identification Location } of origin | MC/g of 

| carbon > 

Diets | 

Eee | Lake Bluff, Ill_.._| July 21, 1963 | 19.0+2.2 
F-171-2....... | Lake Bluff, Ill____| Aug. 25, 1963 | 17.6+2.6 
F-173-2_..._.-- | Parma, Ohio_-_-__-- Sept. 9, 1963 17.542.2 
-_ see Buffalo, N. Y____-| * Sept. 23, 1963 18.0+2.2 
F-175-2-_.....- | Buffalo, N. Y_---- | ° Sept. 23, 1963 | 17.0+2.0 
F-177 (9-22) 4__.| St. Louis, Mo----- © Sept. 25, 1963 18.042.2 
WAS ccndcsen Lake Bluff, Ill___-_| * Sept. 27, 1963 17.241.8 
F-181 (9-20) 4 Portland, Maine___| Oct. 1, 1963 20.342.0 
a PR Re New York, N. Y_-_| Oct. 1, 1963 18.5242.2 
F-183-(2)._...-- New York, N. Y__| Oct. 1, 1963 17.0+2.2 
Peers Parma, Ohio---- -- Nov. 10, 1963 16.8+41.8 
5, ax toiar ec Boston, Mass__---_- Nov. 10, 1963 17.9+42.4 
ere Lake Bluff, Ill___-_| Nov. 24, 1963 20.7+2.2 
F-205___......-| Edenwald, N. Y__-| Jan. 28, 1964 18.7+2.4 
re Boston, Mass__-.- | Jan. 6, 1964 14.6+2.0 
Oranges. -_---_--- California. —_____-_- Feb. 1963 15.2+42.0 
Oranges -_ .---| Valencia, Fla---_- July 9, 1963 17.6+2.4 
Apples—(5) --| Rome, N. Y_-.---| Oct. 1962 15.7+2.0 
Apples—(2)-.....-| Indiana_____....-| * Jan. 9, 1963 17.9+2.2 
Potatoes... .---- Virginia.__..._..- ¢ July 1963 20.6+2.0 
Potatoes -_------ RE NEE. Se ¢ July 1963 20.7+2.0 
Eggs-(2)_..---- Chicago, Ill_____-- e¢ July 1963 17.6+1.8 
Eggs-(1)-------- | Philadelphia, Pa___| July 11, 1963 15.0+42.4 
Margarine—(1-—2)_| Chicago, Ill___._-- Apr. 25, 1963 i9.1+2.2 
Milk (evap.)_--.| Chicago, Ili___---- Apr. 1963 19.6+2.0 
Sucrose (#5). ._- Mar. 1962 19.0+2.0 
Si b6e<cnieceet Sterling, Ill__..--- Jan. 1963 21.342.2 














® Diet samples ceded with ‘F-numbers’ are weekly composites. 
» Counting error is two sigma. 

© Date of receipt at NERHL. 

4 Consumers Union sample. 


Table 2 lists data derived from human post- 
mortem samples obtained in the Boston area. 
The average values of 12 matched cases are 
17.8, 16.6, 17.6, and 17.7 disintegrations per 
minute of carbon—14 per gram of carbon for 
kidney, heart, liver, and blood, respectively. 
Statistical analysis of the data from these indi- 
vidual cases has shown a significant linear re- 
lationship between the specific activities of 
carbon-14 in kidney and heart (positive cor- 


Radiological Health Data and Reports 





























St > es > S be > DS > > D> >>> YS > > Pe SPF PPP FFF FPP EPP POPPE PO EP PE OOOO OOO 


wwe ween 


eee owe 


—— ai. Ay 











Table 2. Carbon-14 in human tissue 























Autopsy Type of Age Sex Date of | dpmof “*C/g 
number sample | death of carbon * 
| 

b b b 11/63 16.442.6 
A-63-194 71 | Female 12/3/63 16.642.2 
A-63-195 55 | Female 12/3/63 15.742.4 
A-64-2 54 | Male 1/20/64 20.842.2 
A-64-2 54 | Male /20/ 19.141.8 
A-64-2 54 | Male 1/20/64 15.5+2.0 
A-64-11 39 | Female 1/20/64 17.042.4 
A-64-11 39 | Female 1/20/64 18.2+2.0 
A-64-14 64 | Female 1/29/64 16.1+42.0 
A-64-14 64 | Female 1/29/64 17.8+2.0 
A-64-18 Female 2/7/64 15.54+1.8 
A-64-18 88 | Female 2/7/64 15.5+1.6 
A-64-19 83 | Female 2/7/64 16.0+1.8 
A-64-19 83 | Female 2/7/64 19.741.8 
A-64-19 Female 2/7/64 14.841.6 
A-64-20 45 | Female 2/7/64 16.0+1.8 
A-64-20 45 | Female 2/7/64 15.5+2.0 
A-64-21 50 | Female 2/7/64 18.0+2.0 
A-64-21 50 | Female 2/7/64 15.142.0 
A-64-24 63 | Male 2/2/64 20.0+2.0 
\-64-25 69 | Female 2/3/64 18.3+42.0 
\-64-25 69 | Female 2/3/ 13.342.0 
4-64-25 69 | Female 2/3/64 20.0+2.0 
\-64-25 69 | Female 2/3/64 15.742.0 
\-64-27 43 | Male 2/6/64 19.4+2.0 
\-64-27 43 | Male 2/6/64 18.2+2.2 
\-64-32 63 | Female 2/11/64 16.142.2 
A-64-32 63 | Female 2/11/64 17.242.0 
A-64-38 55 | Male /6/ 15.64+2.0 
A-64-38 55 | Male 3/6/64 16.1+2.0 
A-64-38 55 | Male 3/6/64 17.9+42.0 
A-64-40 76 | Female 3/9/64 18.1+2.0 
A-64-40 76 | Female 3/9/64 17.5+2.0 
A-64-40 76 | Female 3/9/64 15.242.4 
A-64-41 78 | Female 3/10/64 16.7+1.6 
A-64-42 61 | Male 3/12/64 19.5+2.0 
A-64-44 45 | Female 3/16/64 14.6+1.6 
A-64-44 45 | Female 3/16/64 15.142.0 
A-64-44 45 | Female 3/16/64 17.442.0 
A-64-57 75 | Male 4/7/64 16.342.0 
A-64-57 75 | Male 4/7/64 17.342.0 
\-64-58 76 | Female 4/11/64 14.342.0 
4-64-58 76 | Female 4/11/64 17.0+2.2 
A-64-58 7 Female 4/11/64 16.9+2.0 
A-64-98 Male 6/24/64 18.442.1 
A-64-103 61 | Female 7/2/64 22.642.0 
A-64-103 61 | Female 7/2/64 ©18.742.0 
A-64-103 61 | Female 7/2/64 18.5+42.0 
A-64-103 61 | Female 7/2/64 ©18.742.2 
A-64-103 61 | Female 7/2/64 17.342.0 
A-64-103 61 | Female 7/2/64 20.2+2.0 
A-64-103 61 | Female 7/2/64 18.7+2.0 
A-64-126 7 Female 8/13/64 18.442.0 
A-64-129 47 | Male 8/15/64 18.23-2.0 
A-64-130 59 | Male b 20.2+2.0 
A-64-130 59 | Male b 20.4+42.0 
A-64-130 59 | Male b 18.6+2.0 
A-64-130 59 | Male b 21.822.0 
A-64-130 59 | Male b 22.142.0 
V-11(0001) Male 10/25/64 16.0+2.0 








* Counting error is two sigma. 
> Data not available. 
¢ Recombusted. 


relation coefficient of 0.94 at 5 percent confi- 
dence level), but not between the activities in 
liver and heart. 

Table 3 gives the results to date of a study 
on carbon-14 activities in bull semen obtained 
from Cornell University and the University of 
Connecticut. These were chosen because of 
interest in genetic material. 


Table 3. Radioassays of bull semen 








Sample identification Date of dpm of '"C/g of carbon 

origin, 1964 (*) 

Bull semen #7 (Univ. of Conn.).-.| Feb.—Mar. 20.3+1.8 
Bull semen #1 (Cornell Univ.)_.-.-- Feb.—Mar. 20.6+2.2 (Station#!) 
19.1+2.2 (Station#2) 

Bull semen #2 (Cornell Univ.) -- --- Apr.-May 20.9 +2.0 








« Counting error is two sigma. 
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The rate of entry of carbon-14 into human 
beings is in part determined by levels in surface 
air. Figure 1 presents the observed levels of 
carbon-14 in surface air at Winchester, 
Massachusetts, as previously reported (18). 
Such data can be used in conjunction with 
measurements of carbon—14 in other segments 
of the biosphere as a guide in predicting levels 
in food, animals, and man. 

The high levels of fallout radionuclides in 
Alaskan Eskimos and caribou prompted an 
investigation of carbon-14 levels in Alaskan 
caribou. Table 4 depicts the levels found in 
caribou muscle and rumen contents in April 
1964. 


Table 4. Carbon-14 in Alaskan caribou * muscle 
and rumen contents, April 1964 





Date of | dpm of "C/ | Percent 
uC 


Sample identification collection, | g of carbon A 
1964 » 





Muscle (61-822) 






es April 19.742.0 41 
Muscle (61-824) -___....-..-.---- April 18.3+42.0 31 
Muscle (61-824) ¢4__..........---. April 20.2+2.0 44 
Re SD... coccedaccans April 21.242.0 51 
Muscle (61-826) ¢_____.__- 7 April 19.8+2.0 41 
Rumen contents (65-827) - __ April 18.042.0 29 
Rumen contents (65-829) _ _ _ April 15,2+42.0 8 
Rumen contents (65-831) _____-_--- April 19.8+1.6 41 














: Pamegee seep an 
© Percent above natural radioactivity of 14+1 dpm of '‘C/g of carbon. 
4 Radioassay by Geochron Laboratories, Boston, Massachusetts. 

The arithmetic means of carbon-14 levels 
found in the segments of the environment in- 
vestigated are presented in table 5. Present 
levels in man and in foods are the same as those 
present in air in 1962 (18). Of the averages in 
table 5, those for grazing animals appear closer 
to those currently observed in the atmosphere, 
but this may not be significant because of 
counting errors and the small number of sam- 
ples analyzed. These data, considered in rela- 
tion to atmospheric trends, are helpful in the 
selection of samples to ascertain or estimate 


Table 5. Summary of carbon-14 analytical results for 
various environmental samples 








Number of an of Percent 
Type of sample samples “uC/g of AuNC® 
carbon 
25 22.0 57 
4 20.2 44 
5 19.8 41 
4 18.7 34 
27 18.1 29 
15 17.6 26 
21 17.6 26 
3 17.7 26 
16 16.9 21 
»~ 














® Percent above natural level of 14+1 dpm/g carbon in 1950, third 
Se not corrected for *C/8C isotopic ratio. 
ull. 


¢ Human. 
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Figure 1. Carbon-14 levels in surface air, Winchester, Massachusetts 


the added levels of activity that have entered 
and that will enter man and his environment. 
Libby and his associates have reported the re- 
sults of limited studies on replacement rates 
for human tissue from atmospheric radio- 
carbon, and discussed the time lag between the 
rise in atmospheric radiocarbon and the ap- 
pearance of elevated levels in food and in man 
(19). Further studies of these relationships 
may help in the development of models for 
predicting radiocarbon concentrations in 
human tissues. 
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Section I. 


In the determination of the internal exposure 
to man from environmental radiation sources, 
primary interest centers on radionuclides in 
the diet. Efforts are being made by both Fed- 
eral and State agencies to monitor the intake 
of various radionuclides in the total diet on 
a continuing basis. Although the total diet is 
the most direct measure of intake of radionu- 
clides, indicator foods may be used to estimate 
dietary intake where specific dietary data are 
not available. As fresh milk is consumed by a 
large segment of the United States population 
and contains most of the biologically significant 
radionuclides from nuclear test debris which 
appear in the diet, it is the single food item 
most often used as an indicator of the popula- 
tion’s intake of radionuclides. Moreover, it is 
the major source of dietary intake of short- 
lived radionuclides. In the absence of specific 
dietary information, it is possible to approxi- 
mate the total daily dietary intake of selected 
radionuclides as being equivalent to the intake 
represented by the consumption of 1 liter of 
milk. More direct estimates of dietary intake 


Data 


Milk and Food 


of radionuclides than those furnished by indi- 
cator foods can he obtained by analysis of the 
total diet or of representative principal food 
items or groups combined with appropriate 
consumption data. 

The Federal Radiation Council has developed 
Radiation Protection Guides (RPG’s) for con- 
trolling normal peacetime operations, assuming 
continuous exposure from intake by the popu- 
lation at large (1-3). The RPG’s do not and 
cannot establish a line which is safe on one side 
and unsafe on the other, but they do provide 
an indication of when there is a need to initiate 
careful evaluation of exposure (3). Additional 
guidelines are provided by the International 
Commission on Radiological Protection (4, 5). 

Data from selected National, International, 
and State milk and food surveillance activities 
are presented herein. An effort has been made 
to present a cross section of routine sampling 
programs which may be considered of a con- 
tinuing nature. Routine sampling has been de- 


fined as one or more samples collected per 
month. 


NATIONAL AND INTERNATIONAL MILK SURVEILLANCE 


As part of continuing efforts to quantita- 
tively monitor man’s exposure to radionuclides, 
various National and International organiza- 
tions routinely monitor radionuclide levels in 
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milk. Data from the Pasteurized Milk Network 
(U.S.), Canadian Milk Network, and Pan 
American Milk Network are presented below. 
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1. Pasteurized Milk Network 
September 1965 


Division of Radiologicai Health and 
Division of Environmental Engineering 
and Food Protection, PHS 


The Public Health Service’s Pasteurized 
Milk Network (PMN) was designed to provide 
nationwide surveillance of radionuclide concen- 
trations in milk through sampling from major 
milk production and consumption areas. The 
present network of 63 sampling stations (figure 
1) provides data on milk levels in every State. 
In addition, milk is sampled in the Canal Zone 
and Puerto Rico. The most recent description 
of the sampling and analytical procedures em- 
ployed by the PMN appeared in the December 
1965 Radiological Health Data (5). 

The results for September 1965 and third 


quarter of 1965 are presented in table 1. The 
average monthly radionuclide concentrations 
are based on results obtained from samples 
collected weekly. If radionuclide values were 
below minimum detectable concentrations (5), 
averages were calculated using one-half the 
minimum detectable value; however, for io- 
dine-131 and barium-—140, zero was used for 
averaging purposes when concentrations were 
below the minimum detectable levels. 


For comparative purposes, distributions of 
strontium—90 and cesium—137 are presented in 
tables 2 and 3 for April through September 
1965. The average monthly strontium-90 con- 
centrations in pasteurized milk from selected 


cities in the sampling program are presented in 
figure 2. 
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Figure 1. Pasteurized Milk Network sampling stations 
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Table 1. Average concentrations of stable nuclides and radionuclides in pasteurized milk for the third quarter 
1965 and September 1965 * 





































































































Calcium Strontium-89 Strontium-90 Cesium-137 Iodine-131 
. aint 5 (g/liter) (pCi/liter) (pCi/liter) (pCi/liter) (pCi/liter) 
Sampling locations 
Third Sept. Third Sept. Third Sept. Third Sept. Third Sept. 
| quarter average | quarter | average | quarter | average quarter | average | quarter | average 
ae ene ee | 

Ala: Montgomery | 1.14 1.14 | <5 <5 14 14 40 35 0 0 
 “ aria See a 1.22 1.24 <5 <5 15 14 50 60 0 0 
Ariz: Phoenix 1.22 1.24 <5 <5 4 3 20 20 0 0 
Ark Little Rock 1.14 1.17 5 <5 28 28 50 40 0 0 
Calif: SP Fe PE eee | 1.28 1.34 <5 <5 5 4 25 25 0 0 
SE OR ee ee ae } 1.25 1.29 <5 <5 5 3 20 20 0 0 
C. Z: REE PSI SE SRA. Pe ER cee Seen } 1.10 1.11 <5 <6 4 4 30 30 0 0 
Colo: SRA ir aR. + eee SE eee SAREE | 1.28 1.28 5 <5 14 ll 40 35 0 10 
Conn RI ed ee sense 1.09 1.08 <5 <5 13 12 40 0 0 
Del: Ee so cpkpasevektaeroosenweuee 1.11 1.10 <5 <5 15 14 40 30 0 0 
D.C: EL . cccsenounvabawerssenmanabeed 1.13 1.15 <5 <5 13 13 30 25 0 0 
Fla: I  ctssarnstierntiitlong arr aaaee ae 1.16 1.16 <5 <5 12 13 175 165 0 0 
Ga: Ee Ee | 1.14 1.15 <5 <5 20 20 55 45 0 0 
oD ——_—_"aeppzeb pec: eereppenerass } 1.16 | 1.18 <5 <5 6 5 40 45 0 0 
Idaho: en a ee 1.27 | 1.25 <5 <5 16 9 50 40 0 0 
Ill: ne os agen ncicbe nae 1.11 1.11 <5 <5 il il 35 30 0 0 
Ind: SLE CEL AILS PON Ee awee 1.10 <5 <5 12 11 25 20 0 0 
Iowa: | PRS Eee 1.23 1.28 <5 <5 16 14 30 30 0 0 
Kans PLR IE EOE OE EEE SIN 1.19 1.16 <5 <5 14 9 25 20 0 0 
y eRe eee 1.12 1.15 5 <5 18 17 25 20 0 0 
La Eo abel 1.18 1.19 <5 <5 33 31 60 55 0 0 
Maine i ST A SA ET 1.11 1.11 5 <5 20 16 90 70 0 0 
I Pe a ns enue 1.11 1.12 <5 <5 15 14 40 30 0 0 
Mass ie panacea 1.10 1.09 5 <5 19 17 80 60 0 0 
Mich: EE a a 1.09 1.08 <5 <5 11 10 35 30 0 0 
i 1.13 1.11 <5 <5 14 13 45 40 0 0 
Minn: 7-7 a 1.28 1.28 5 <5 23 19 50 40 0 0 
Miss: RE EE I LAAT RS ESS 8% 1.18 1.18 <5 <5 25 22 40 35 0 0 
Mo: RES aS eee 1.21 1.27 5 <5 18 18 25 0 0 
ie ee ee 1,22 1.25 5 <5 16 15 25 25 0 10 
Mont: il ES SS CREE EEE SRE 1.27 1.32 5 <5 18 17 55 45 0 0 
Nebr: See ee ee ee ee 1,22 1.30 <5 <5 16 16 30 30 0 0 
Nev: Las Vegas eee Se ee eee 1.20 1.15 <5 <5 5 20 15 0 0 
N. H: i ine kein ewe 1.11 1 = <5 <5 +o] +4 = = 4 . 

N. J: , 5 Renta ES REE es 1.09 1.08 <5 <5 1 3 
N. Mex: Albuquerque Ce eae) ee 1,24 1.22 <5 <5 6 5 20 15 0 10 
N. Y: "92a eee ae ere 1.09 1.06 <5 <5 11 11 45 35 0 0 
dn whan aie ebeen d a 1 = <5 <5 . os - 4 4 0 
ES RATES IE EN I 1.09 1.08 5 <5 4 5 0 
N. C: en ais aR Cee FI“ 1.13 1.14 <5 <5 24 23 40 35 0 0 
a re eS eS Janae aware 1.28 1.27 10 <5 31 28 55 50 0 0 
Ohio Tee ee 1.11 1.11 <5 <5 13 12 25 20 0 0 
Oo re eSeer > 1.10 1.08 5 <5 13 13 35 25 0 0 
Okla Oklahoma City 1.11 1.14 <5 <5 14 12 25 20 0 0 
Ore:  - aaa 1.28 1.32 <5 <5 14 12 50 45 0 10 
Pa: Philadelphia 1.08 1.09 <5 <5 13 12 35 30 0 0 
c(t RI Cr 1.11 By 5 <5 20 18 50 40 0 0 
PR eS ee a nee ree eee 1.13 | 1.14 <5 <5 9 9 40 30 0 0 
R. I: Providence 1.10 1.07 <5 <5 16 15 65 50 0 0 
8. C: Charleston 1.14 1.14 <5 <5 23 23 70 70 0 0 
i })6)3F§l—>"hs. 2 1.04 1.04 10 <5 20 17 50 50 0 0 
Tenn: CNR... cukcnunaeesecdawe oe 1.16 1.19 <5 <5 26 25 40 30 0 0 
5: rae 1.15 1.18 5 <5 20 19 25 20 0 0 
Tex: © Austin... -....--------------+----------- 21 te = Ps Z of 2 4 4 4 

| Sea i GRR ee EE 1 1.1 < 5 

Utah: SRI Cree 1.36 1.30 <5 <5 12 13 55 40 0 0 
Vt: hE RE ETS ES ACS ET 1.11 1.12 <5 <5 17 15 65 50 0 0 
Va: re ee eawned 1.13 1.13 <5 <5 17 16 40 30 0 0 
Wash Ee ee EE I Se 1.28 1.35 <5 <5 18 16 70 60 0 10 
eek Abele Geen aaee 1.33 1.35 <5 <5 18 14 50 40 0 0 
1.12 1.14 <5 <5 18 17 25 20 0 0 
1 1.19 <5 <5 ll 12 40 40 0 0 
1 1.35 <5 <5 14 ll 50 50 0 0 
1.17 | <5 | <5 | 15.3| 14.0 44 38 | 0 1 








® All barium-140 values less than detectable levels. 
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Table 2. Frequency distribution, strontium-90 concentra- 
tions in milk at Pasteurized Milk Network stations, April- 
September 1965 and September 1964 


Table 3. Frequency distribution, cesium-137 concentrations 
in milk at Pasteurized Milk Network stations, April- 
September 1965 and September 1964 
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te ee eal Sa ee F a? er 2) 2 ae ee ot eA ede 23 ae 
Under 10- 5 4 7 8 10 11 8 Under 50_ 7 17 19 | 34 45 | 50 14 
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Figure 2. Strontium-90 concentrations in pasteurized milk, 1961-July 1965 
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2. Canadian Milk Network’ 
September 1965 


Radiation Protection Division 
Department of National Health and Welfare, 
Ottawa, Canada 


Since November 1955, the Radiation Protec- 
tion Division of the Department of National 
Health and Welfare has been monitoring milk 
for radionuclide concentrations. Powdered milk 
was originally sampled, but liquid whole milk 
has been sampled since January 1963. At 
present 16 milk sampling stations (figure 3) 
are in operation. Their locations coincide with 
air and precipitation sampling stations. 

Milk samples are collected three times a week 
from selected dairies and are combined into 
weekly composites. The contribution of each 
dairy to the composite sample is directly pro- 
portional to the liquid volume of sales. Weekly 
spot check analyses are made for iodine-131, 
and monthly composites are analyzed for 


1 Prepared from October 1965 monthly report “Data 
from Radiation Protection Programs,” Canadian De- 
—— of National Health and Welfare, Ottawa, 

anada. 


strontium-90, cesium-137, and stable calcium 
and potassium. The analytical procedures were 
outlined in the December 1965 issue of Radio- 
logical Health Data (6). 

The September 1965 monthly average 
strontium-90, cesium-137, and stable calcium 
and potassium concentrations in Canadian 
whole milk are presented in table 4. Iodine-131 
and strontium-89 concentrations were below 
minimum detectable levels. 


Table 4. Stable elements and radionuclides in 
Canadian whole milk, September 1965 











. Calcium | Potassium} Stron- Cesi- 
Station (g/liter) (g/liter) tium-90 um-137 
(pCi/liter) | (pCi/liter) 
a nad 1.15 1.6 18.7 62 
eae 1.16 1.6 23.7 
Sh 1.13 1.6 27.4 98 
Fredericton____....----- 1.14 1.6 30.4 78 
is cockw bunnies 1.13 1.6 26.1 
ich pansisaculaesdl 1.09 1.6 16.9 41 
I i cinisisin Simmaeincs 1.13 1.5 15.1 53 
Bada 0 denarenssas 1.10 1.6 23.2 71 
i tiieinnenencanbol 1.08 1.6 17.3 38 
St. John’s, Nfid__-.-.-.- 1.03 1.4 40.4 129 
NS PEGE 1.16 1.6 23.8 62 
Sault Ste. Marie_--_----.- 1.00 1.6 30.6 87 
ESR i 1.13 1.5 10.8 31 
, eS eee 1.16 1.5 20.0 83 
, SSeS: 1.10 1.6 7.8 22 
RS 1.09 1.6 18.8 52 
SRE ce weticisgoxewd 1.11 1.6 21.9 65 
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3. Pan American Milk Sampling Program 
September 1965 


Pan American Health Organization and 
Public Health Service 


The Pan American Health Organization 
(PAHO), in collaboration with the Public 
Health Service (PHS), furnishes assistance to 
health agencies in the American Republics in 
developing national radiological health pro- 
grams. 

Under a joint agreement between both agen- 
cies, air and milk sampling activities are con- 
ducted by a number of PAHO member coun- 
tries. Sampling locations are shown in figure 4. 
Results of the milk sampling program are 
presented below. Further information on the 
sampling and analytical procedures employed 
was presented in the December 1965 issue of 
Radiological Health Data (7). 


REFERENCES 


(1) FEDERAL RADIATION COUNCIL. Background 
material for the development of radiation protection 
standards, Report No. 1. Superintendent of Docu- 
ments, U.S. Government Printing Office, Washington, 
D.C. 20402 (May 13, 1960). Price 20 cents. 

(2) FEDERAL RADIATION COUNCIL. Background 
material for the development of radiation protection 
standards, Report No. 2. Superintendent of Docu- 
ments, U.S. Government Printing Office, Washing- 
ton, D.C. 20402 (September 1961). Price 20 cents. 

($) FEDERAL RADIATION COUNCIL. Background 
material for the development of radiation protection 
standards, protective action guides for strontium-89, 
strontium-90, and cesium-137, Report No. 7. Super- 
intendent of Documents, U.S. Government Printing 
> spe Washington, D.C. 20402 (May 1965). Price 

cents. 
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Table 5 presents stable calcium and potassi- 
um, strontium-89, strontium-90, and cesium- 
187 monthly average concentrations. The 
monthly average iodine-131 and barium-140 
concentrations in milk were less than 10 pCi/ 
liter. 


Table 5. Stable element and radionuclide 
concentrations in milk, PAHO, September 1965 























Stron- Stron- Cesium- 
Sampling station | Calcium |Potassium| tium-89 | tium-90 137 
(g/liter) | (g/liter) | (pCi/ (pCi/ (pCi/ 
liter) liter) | liter) 
oe ee eS ile ' 
Canal Zone: 
Cristobal - 1.11 1.5 <5 4 30 
Jamaica: 
Kingston_ _ - 1.11 1.36 <5 8 175 
Mandeville--___-| NS NS NS NS NS 
Montego Bay - -- NS NS NS NS NS 
Puerto Rico: 
San Juan--. 1.14 1.5 <5 9 30 
Venezuela: 
Caracas....... 1.16 1.54 <5 5 20 
| 








NS indicates no sample collected. 


(4) INTERNATIONAL COMMISSION ON RADIO- 
LOGICAL PROTECTION. Recommendation of the 
International Commission on Radiological Protec- 
tion, Report No. 3. Pergamon Press (1965). 

(5) PUBLIC HEALTH SERVICE. Milk surveillance, 
Pasteurized Milk Network, August 1965. Division of 
Radiological Health and Division of Environmental 
Engineering and Food Protection. Rad Health Data 
6:677-681 (December 1965). 

(6) RADIATION PROTECTION DIVISION, DE- 
PARTMENT OF NATIONAL HEALTH AND 
WELFARE, OTTAWA, CANADA. Canadian Milk 
Network, August 1965. Rad Health Data 6:685-686 
(December 1965). 

(7) PAN AMERICAN HEALTH ORGANIZATION, 
and PUBLIC HEALTH SERVICE. Pan American 
Milk Sampling Program, August 1965. Rad Health 
Data 6:687 (December 1965). 
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Figure 4. Pan American Milk Network sampling stations 
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STATE MILK SURVEILLANCE ACTIVITIES 


The sampling and analysis for radionuclides 
in milk is an integral part of comprehensive 
environmental surveillance programs. A num- 
ber of States have developed milk surveillance 
programs to satisfy their needs. While there 
is variation betweer programs, to a considera- 
ble extent the data produced complements that 
from Federal milk surveillance activities. Data 
from selected State milk surveillance activities 
are presented below. The resu'ts presented, 
while not all-inclusive, are representative of 
current State milk surveillance activities. 


1. Florida Milk Network 
January-June 1965 


Division of Radiological and 
Occupational Health 
Florida State Board of Health 


The Florida State Board of Health began 
sampling raw milk for iodine-131 analysis in 
two major areas of the State in November 
1962. The program has since been expanded to 
include the analysis of raw milk for strontium- 
89, strontium-90, iodine-131, and cesium-137 
from the six areas shown in figure 1. Samples 
for iodine-131 analysis are taken from tank 
trucks or selected farms. When iodine-131 was 
detectable in milk, samples were collected 
weekly. In the interest of maintaining an ac- 
tive standby capability, samples are now col- 
lected and analyzed for this nuclide on a 
monthly basis. 

For complete radiochemical analyses, the six 
regional State Board of Health Laboratories 
prepare monthly composite milk samples for 
each region by combining random samples 
from 10 percent of the dairy farms selected. 
These composite samples are sent to the State 
Radiological Health Laboratory in Orlando. 


20 


Strontium-89 and strontium-90 are deter- 
mined by the ion exchange method developed 
by Porter et al. (1) Iodine—131 and cesium-137 
are determined by gamma scintillation spectro- 
metry (2). 

Cesium-137 concentrations for January 
through June 1965 are presented in table 1. 
Iodine-131 concentrations were below detecta- 
ble levels. Strontium-89 and strontium-90 re- 
sults were not reported for this period. 

















Figure 1. Florida milk sampling areas 


Table 1. Cesiura-137 in Florida raw milk 


January~June 1965 





Concentration (pCi/liter) 





Month 
West | North | North-| Central} Tampa} South- | Aver- 
Florida | Florida} east | Florida} Florida] east 

Florida Florida 























January. .--.- 179 93 112 225 89 183 147 
February 150 79 97 2 #1 154 134 
March 96 110 134 177 162 164 141 
April 91 103 182 175 157 156 144 
PP sunsewe 98 198 221 161 134 151 
ES. 71 148 148 242 153 150 152 
Average... -.. 114 105 145 188 130 156 144 
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2. Minnesota Milk Network 
January-June 1965 


Division of Environmental Health 
Minnesota Department of Health 


In September 1958, the Minnesota Depart- 
ment of Health initiated a pasteurized milk 
network to monitor strontium—-90 concentra- 
tions. Presently, monthly samples are collected 
from eight sampling locations in milksheds 
geographically the same as the Minnesota 
health districts (figure 2) for strontium—96, 
iodine—131, and cesium-—137 analyses. One-liter 
samples of processed Grade-A fluid milk are 
collected ut bottling machines in pasteurization 
plants. The samples are customarily collected 
in the cities where the Minnesota Health Dis- 
trict offices are located. However, it is some- 
times convenient to collect at other locations. 
Such samples are considered representative of 
the district concerned. 

Strontium-90 concentrations are determined 
radiochemically, while iodine-131 and cesium— 
127 concentrations are determined by gamma 


Table 2. Strontium-90 concentrations in Minnesota milk 
January-June 1965 






































; “ Strontium-90 (pCi/liter) 
Sampling locations 
Jan. | Feb. | Mar. | Apr. | May | June | Aver- 
age 
Shh wks «ameki 32 34 37 34 38 39 36 
Mankato--__.__. baci 12 12 12 15 12 16 13 
Rochester _ _ _ __ ~ 16 18 15 17 15 14 16 
CS Ba 29 39 36 39 36 32 35 
Worthington 14 13 15 13 13 13 14 
Minneapolis - - - - _--- 24 22 21 26 27 23 24 
Fergus Falls______-- 21 21 22 18 20 19 20 
Little Falls._.......| *37 20 23 i9 | 618 22 23 
NEE c cose ocsnses 26 22 23 ' 23 i- 22 23 
| 








* Sample collected at Brainerd, near Little Falls. 
> Sample collected at St. Cloud, near Littie Falls. 


scintillation spectrometry. The analytical pro- 
cedures are presented in the semiannual report 
of the Minnesota Department of Health and 
Rural Cooperative Power Association (3). 

Strontium-90 (table 2), iodine-131 (table 
3), and cesium-137 (table 4) concentrations in 
milk are given for January through June 1965. 
The strontium-90, cesium-137, and iodine-131 
concentrations in Minnesota pasteurized milk 
are presented graphically by milkshed in figure 
3 for the period 1962-—June 1965. 
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milk sampling locations 
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Table 3. 


Iodine-131 concentrations in Minnesota miik 
January-June, 1965 


Table 4. Cesium-137 concentrations in Minnesota milk 
January-June 1965 








Collection point Collection Iodine-131 

x date (pCi/liter) 
TN a ntsknxaswhstnbatinanssnpnent 6/ 7/65 31 
C . ..dck6 bed Masse cbabiescabseceves 6/ 3/65 53 
Dies 6 icennndbewenesetuesesvesuessd 6/ 7/65 66 
DT: ns .bdsteabebshesnebiineatéesene 6/14/65 <10 
tL 6 £uu scnetheeeedbaneoeaueetnntl 6/ 7/65 37 
DN, . 0. cc cntweseny ci etinGeauened 5/31/65 13 
Dn... ccne¢ieeedestenéseaseuenad 6/ 1/65 31 
0 SS ee ee 6/ 1/65 70 
i... cacchssaccenenasiatbuhesed 6/ 8/65 59 
DE, cchetesecceatecsscnesevsvad 6/15/65 36 
OO ee ee 6/ 7/65 66 
DL. ¢ccusknvenssgnenaphastheanans 6/ 4/65 37 











Note: The remaining 47 samples analyzed showed less than 10 pCi/liter. 














Cesium-137 (pCi/liter) 
Collection point 
Jan. | Feb. | Mar. | Apr. | May | June | Aver- 
age * 
aa 190 180 170 150 190 160 175 
Sea 65 88 82 97 94 74 85 
Rochester - - - -._--.-- 66 97 64 82 97 65 80 
Pt 170 220 180 200 190 200 195 
Worthington. ---_---- 94 51 52 81 71 62 70 
Minneapolis -- - - _--- 120 110 95 120 130 100 95 
Fergus Falls___-_---- 75 100 82 110 100 94 95 
Little Falls___...._- 6155 134 120 130 | © 120 144 135 
Average...........- 115 125 110 120 125 110 115 


























® To nearest 5 pCi/liter. 
> Sample collected at Brainerd, near Little Falls. 
¢ Sample collected at St. Cloud, near Little Falls. 





3. New York Milk Network 
April-June 1965 


Division of Environmental Health Services 
Department of Health, State of New York 


Pasteurized milk samples collected routinely 
from six cities (figure 4) are analyzed for 
strontium-89, strontium-—90, iodine—131, and 
barium-lanthanum-140 by the New York State 
Department of Health. At Buffalo, Newburgh, 
and Syracuse milk, samples from processing 
plants are collected daily and composited 
weekly for radiochemical analyses. At Massena, 
samples are composited biweekly, while in New 
York, a milk sample representing the total milk 
supply for one day is obtained and composited 
weekly for analysis. The Albany sample, taken 


at a marketing point, is analyzed daily for 
iodine-131 and other gamma-emitting radio- 
nuclides before being composited into a weekly 
sample. In the event that any sample contains 
iodine-131 concentrations exceeding 100 pCi/ 
liter, increased surveillance is undertaken. 

Gamma-emitting radionuclides in milk are 
determined by scintillation spectrometry and 
the application of a matrix method of analysis 
(4) to the resultant spectral data. 

The analytical procedure for determining 
strontium-89 and strontium-90 concentrations 
employs an ion exchange system similar to that 
developed by Porter et al. (5). 

The monthly average radionuclide concentra- 
tions of strontium-89 and strontium-90 (table 
5), and iodine-131 and cesium-187 (table 6), 





Scale in Miles 


© SAMPLING STATION 









Canado 
A\ —— 
WI MASSENA 
a he ae a 
{ 
z e 
Ontario 
Osyracuse viele 
BUFFALO Aa 
e 
e asany® 
yore \ Massachusetts 
7 

> N > ame 

\ \ . Connecticut 
Pennsylvania \ 
Y NEWBURGH 
Y ° ad 
‘ » \\ sr 
© 102030 40 50 fer, 
ite. 






NEw York City 


ye atlantic 








Figure 4. New York milk sampling stations 


January 1966 








Table 5. Strontium-89 and strontium-90 concentrations in 
New York milk, April-June 1965 

















Strontium-89, Strontium-90, 
pCi/liter pCi/liter 
Sampling locations sess 
April | May | June | April | May | June 

hen. tums ceucbewee <3 <3 4 15 15 19 
hh is: shesniabecee <3 NS NS 21 NS NS 
as <3 3 7 22 28 30 
rae <3 <3 6 16 39 14 
iss b wine croone oe NA <3 <3 NA 8 6 
EN <3 NS NS 14 NS NS 
ie te Lhanitiecheeeawe <3 <3 4 20 20 

Middlepurg..............- <3 <3 5 15 19 15 
Mount Pleasant--__--------- <3 <3 3 11 ll 13 
PR <3 <3 6 15 14 15 
New York City.........-.- <3 <3 6 20 19 23 
| eee <3 <3 <3 16 16 14 
ear nash Se <3 4 13 9 

ees i NS NS 11 NS NS 
. eae onal Se NS NS 17 NS NS 
nace kivanba ee wkin <3 NA 5 23 NA 18 
CO ee <3 <3 <3 | 16.4 | 15.8 15.6 























Key to symbols: NA, no analysis 
NS, no sample 


are shown for April through June 1965. Cesi- 
um-137 and iodine-131 concentrations since 
September 1961 are presented graphically in 
figure 5. 

















Table 6. lIodine-131 and cesium-137 concentrations in 
New York milk, April-June 1965 
Iodine-131, Cesium-137, 
pCi/liter pCi/liter 
Sampling locations 
April | May | June | April | May | June 
DEE Sc ctcdebwiwcnnccen <20 | <20 22 67 58 30 
TS <20 NS NS 112 NS NS 
RR <20 32 30 42 46 
“ser <20 | <20 | <20 78 67 38 
eee <20 | <20 26 57 54 43 
East _ OE ae rN <20 NS NS 99 NS NS 
DEEP ebiuribesdccecwd <20 30 | <20 112 76 70 
Middlebu RE <20 24 64 64 69 24 
Mount Pleasant - - --_- _ ---_-- <20 | <20 | <20 65 46 39 
EER <20 | <20 25 57 60 37 
 . ose <20 | <20 25 80 62 48 
mnichinewune wits <20 | <20 | <20 94 74 66 
acer <20 23 35 61 41 28 
— , <20 NS NS 67 NS NS 
 Saqeyaarass 1 Se NS NS 86 NS NS 
SaaS <20 | <20| <20 70 64 48 
Re ee <20 | <20 | <20 72 71 62 























NS, no sample. 
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Milk network 


Calizornia 
Colorado 
Connecticut 
Florida 
Indiana 
Michigan 
Minnesota 
Oklahoma 
Oregon 
New York 
Pennsylvania 
Texas 
Washington 


January 1966 


Other State Milk Network coverage: 
Period reported 


April—June 1965 
October-December 1964 
January—March 1965 
July—December 1964 
April—June 1965 
January—June 1965 
July-December 1964 
March—July 1965 
January—March 1965 
January—March 1965 
April-June 1965 
January—March 1965 
January—June 1965 


Last presented 


December 1965 
April 1965 
August 1965 
November 1965 
November 1965 
November 1965 
July 1965 
October 1965 
August 1965 
November 1965 
November 1965 
October 1965 
November 1965 
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FOOD AND DIET SURVEILLANCE 


Efforts are being made by various Federal 
and State agencies to estimate the dietary in- 
take of selected radionuclides on a continuous 
basis. These estimates, along with the guidance 
developed by the Federal Radiation Council, 
provide a basis for evaluating the significance 
of radioactivity in foods and diet. 

Networks presently in routine operation and 
reported periodically include (1) the Public 
Health Service’s Institutional Total Diet Sam- 





pling Network, (2) the Atomic Energy Com- 
mission’s Tri-City Diet Study, (3) the Food 
and Drug Administration’s Teenage Diet 
Study, (4) the State of California’s Diet Study, 
and (5) the State of Connecticut’s Standard 
Diet Study. While not based on probability 
sampling, these networks provide data useful 
for developing estimates of nationwide dietary 
intakes of radionuclides. 


Previous coverage: 


Program 


Institutional Total Diet 
Tri-City Diet 

Teenage Diet 

California Diet 
Connecticut Standard Diet 
Consumers Union 


Period reported 


January—March 1965 
February—April 1965 


February 1963-—June 1964 


Last presented 


October 1965 
December 1965 


February—November 1964 July 1965 
November—December 1964 December 1965 
March 1963—December 1964 July 1965 


December 1965 
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Section II. 


The Public Health Service and other Federal, 
State, and local agencies operate extensive 
water quality sampling and analysis programs 
for surface, ground, and/or treated (drinking) 
water. Most of these programs include deter- 
minations of gross alpha and gross beta radio- 
activity and/or specific radionuclides. 

Although the determination of the total 
radionuclide intake from all sources is of pri- 
mary importance, a measure of the public 
health importance of radioactivity levels in 
water can be obtained by comparison of the 
values secured with the Public Health Service 
Drinking Water Standards (1). These Stand- 
ards, based on consideration of Federal Radia- 
tion Council (FRC) recommendations (2-4), 


Water 


set the limits for radium-—226 and strontium-—90 
as 3 pCi/liter and 10 pCi/liter, respectively, 
without considering other sources of radio- 
activity. Limits may be higher if total intake 
of radioactivity from all sources indicates that 
such intakes are within the limits recommended 
by FRC for control action. In the known ab- 
sence ' of strontium-90 and alpha emitters, the 
limit is 1,000 pCi/liter gross beta activity. 
Surveillance data from a number of Federal 
and State programs are published periodically 
to show current and long-range trends. 


1 Absence is taken to mean a negligibly small frac- 
tion of the specific limits of 3 pCi/liter and 10 pCi/liter 
for unidentified alpha emitters and _ strontium-90, 
respectively. 


GROSS RADIOACTIVITY IN SURFACE WATERS 
OF THE UNITED STATES, JULY 1965 


Division of Water Supply and Pollution Control, Public Health Service 


Since 1957 the Public Health Service Water 
Pollution Surveillance System has included the 
monitoring of levels of radioactivity in surface 
waters in the United States as part of its water 
quality control program. Table 1 presents the 
current preliminary results of alpha and beta 
analyses. Strontium-90 results are presented 
quarterly. The stations on each river are ar- 
ranged in the table according to their distance 
from the headwaters. Figure 1 geographically 
presents the average total beta activity in sus- 
pended-plus-dissolved solids in raw water col- 
lected at each station. The radioactivity as- 
sociated with dissolved solids provides a rough 
indication of the levels which could occur in 
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treated water, since nearly all suspended matter 
is removed by the treatment process. A descrip- 
tion of the sampling and analytical procedures 
was published in the December 1965 issue of 
RHD (5). 

Complete data and exact sampling locations 
are published in annual compilations (6-11) 
or are available on request. 


Summary 


Comments on the data are being made when 
the alpha radioactivity is 15 pCi/liter or great- 
er or when the beta radioactivity is 150 pCi/ 
liter or greater. Changes toward or from these 
levels are discussed in terms of significant 
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Table 1. 




















| Beta activity | Alpha activity 
Station ae a 
“4 | Sue | Die “| Total | Sue | Die | Total 
pended | solved pended | solved | 
-_—————————|—— aceteastastenas. Fe a! nee 
Animas River “ » 
Cedar _. N. Mex. - 14 | 5 | 19 5 | 0 5 
Arkaneas River: } | 
oe a oie a 39 | 20 59 | 9 3 12 
Atchafalaya River: | | | | _ 
Morgan City,La....| 57} 16] 73 32 | 1) 33 
Sear River: | | | } 
Bugeten, idaho | 2 | 30 32 0 1 1 
Big Horn River: : } at 
Hardin, Mont......| | 33| 12| 45) 9/ 3) a2 
Chena River: . 
Fairbanks, Alaska... 1 | 4) 5 <1 1 | 1 
Clearwater River: ai 
Lewiston, Idaho. __.- 2 3 | 5 | <1 0 <1 
Clinch River: | al | 
Clinton, Tenn._-__--- 1 | 3 | 4 | 0 0 0 
Kingston, Tenn --. .- | a | 36 37 | 0 0 0 
Loma, Coo. | 25] wi] 35| 6| 3] 9 
r ES 5 35 | 3 | ¢ 
~~ Seeegeenhee | a 13} 13 | 0 | 2 2 
ay Dam, Calif- | a = 
aaa 0 25 | 25 | 0 6 | 6 
Columbia River: | | 
og Nea : 23 | 3} us| .o| <tl es 
Citskanietie.- | 16| ‘st| ‘10 ) <a] <i] 
Connecticut River: | | 
oun Dam, Conn. -| 2) 7 | 9 | 0 | 0} 
oosa River: | | | 
Rome, Ga__------- 1 | 4 | 5 | 0 | 0 | 
Cumberland River: 
Cheatham Lock, . 7| . ° » 
D Tenn --_.-- aes 1 | | 
elaware River: | } } 
anne Pa_. = 1 8 | 9 | 0 | 0 | 0 
reat Lakes: | | | } } 
gDuluth, Minn... Le ®t | 6 | o| o}] o 
reen River: | 
Dutch John, Utah...| 2| 19 | 44] 3 4 7 
Hudson River: | | 
Poughkeepsie, N.Y _ .| 0 | 8 8 | 0 0 0 
Illinois River: | | 
xen re Re ee J Tom * 0 2 2 
ansas River: | 
DeSoto, Kans....... 94| 18| 112] 35 2| 37 
Klamath River: | } 
4) 1 | 14 | 15 | 0 | <1 | <1 
Maumee River: | } 
Toledo, Ohio-- - ~~ --| 1 | 11 | 12 0 | 0 | 0 
oat River: : | - , . ‘ 
St. Paul, Minn... .-. q | ‘ 
New Orleans, La... 17 | 15| 32 5 | 2 | 7 





| 
| 
| 








Radioactivity in raw surface waters, July 1965, preliminary data 


(Average concentrations in pCi /liter) — 





| Beta activity 






































Alpha activity 
Station 
Sus- Dis- Total Sus- Dis- Total 
pended solved pended | solved 
| 
Missouri River: } | 
Williston, N. Dak _-_-| 6 ll 17 2 2 | 4 
Bismarck, N. Dak_-_-| 4 | 18 22 a. 4 5 
St. Joseph, Mo_-.---| 93 18 lll 36 3 | 39 
Missouri City, Mo 246 16 262 70 1 | 71 
North Platte River: 
Henry, Nebr_.._- _-- 9| 28 37 1 4} 15 
| Ohio River: | } 
Toronto, Ohio - - - - -- 1 | 10 ii 0 0 0 
i EO 2 | 8 | 10 1 0 | 1 
Pend Oreille River: } 
Albeni Falls Dam, | } 
ite ER 1 5 6 0 1 | 1 
Platte River: | 
Plattsmouth, Nebr__| 66 | 29 95 18 8 26 
|| Potomac River: | 
| Washington, D.C_. 1 | 9 10 0 1 | 1 
| Rainy River: | | 
Restettn Mien.:...|  1| 19] 9 0 o| 0 
Red and F _ | 
r 8 
i ll | 34 45 1}; 4 | 9 
| Red River South: | 
| Alexandria, La__--_- 1 | 18 19 0 1 1 
Rio Grande: | | 
©] Paso, Tex______--| 20 12 32 5 3 | 8 
8 ay toe hay * ed he te | 5 18 23 1 | 2 | 3 
| San Joaquin River: 
Vernalis, Calif - - ---- 7 14 21 | 1 7 | s 
San Juan River: } | | 
Shiprock, N. Mex- 122 | 12 134 | 38 | 3 41 
Savannah River } ae 
Port Wentworth, Ga_| 4 | 11 | 15 | <1 0 <1 
Snake River: 3 
Payette, Idaho-__--_-- 1 | 11 | 12 | 0 5 ) 
Wawevai, Wash ____| 1 4 5 0 1 1 
South Piatte River: “ ; 
Julesburg, Colo - - - -- 13 | 53 66 2 36 38 
Susquehanna River: | 
Conowingo, Md_- } 0 | 5 5 0 0 0 
Tennessee River: a | 
Chattanooga, Tenn_- 1 6 7 0 0 0 
Wabash River: 
New Harmony, Ind- 13 11 24 3 1 4 
Yellowstone River: | 
Sidney, Mont... .... 73 9| 8 18 2 20 
| Maximum...........- | 246 | 123 | 262 70 36 | 71 
ee: 0 | 3 4 0 0 | 0 
| 
= | 








NS, no sample. 


changes in radioactivity per unit weight of 
solids. No discussion of gross radioactivity per 
gram for all stations of the Water Pollution 
Surveillance System will be attempted at this 
time. 

The following stations showed alpha values 
on suspended or dissolved solids of 15 pCi/liter 
or more for both July and the previous month: 

Kansas River, De Soto, Kans. 

Missouri River, St. Joseph, Mo. 

Platte River, Plattsmouth, Nebr. 

South Platte River, Julesburg, Colo. 

Yellowstone River, Sidney, Mont. 
Each of the above stations showed reasonable 
values for alpha radioactivity per gram of 
suspended or dissolved solids. The high alpha 
values in pCi/liter merely reflect parallel high 
values for solids. 

The following stations, which showed a gross 
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alpha radioactivity in suspended or dissolved 
solids of 15 pCi/liter or more for the previous 
month, declined to values of less than 15 pCi/ 
liter for July: 

Arkansas River, Ponca City, Okla. 

Big Horn River, Hardin, Mont. 

Rio Grande, E] Paso, Tex. 

Rio Grande, Laredo, Tex. 
These declines in radioactivity per liter merely 
reflect a decline in solids levels. 

The following stations showed an increase in 
alpha values in suspended solids from June to 
July: 

Atchafalaya River, Morgan City, La. 

San Juan River, Shiprock, N. Mex. 
This increase was due to a parallel increase in 
suspended solids. 

The Missouri City station on the Missouri 
River showed high alpha and beta activities in 
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Figure 1. Sampling locations and associated total beta activity 
(pCi/liter) in surface waters, July 1965 


suspended solids. No sample was received for 
June. The July sample demonstrated reasona- 
ble radioactivity per gram of suspended solids. 
Consequently, these values also reflect high 
solids content. 

The station on the Platte River at Platts- 
mouth, Nebraska, showed a decline in gross 
beta activity in suspended solids from 277 
pCi/liter for June to 66 pCi/liter for July. 
This decline was due to a parallel decrease in 
suspended solids. Note that this decrease also 
affected the alpha activity. 

Although the station on the Arkansas River 
at Coolidge, Kansas, showed a high alpha and 
beta radioactivity in dissolved solids for June, 
no sample was received for July. These high 
values, however, reflected only high solids 
contents. 
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RADIOACTIVITY IN NEW YORK SURFACE WATER 
JANUARY-JUNE 1965 


Division of Environmental Health Service 
State of New York Department of Health 


The New York Department of Health began 
a program in 1955 to determine the amount of 
radioactivity in water used for public con- 
sumption. This radioactivity in water may 
arise from any one or a combination of the 
following sources: the natural mineral content 
of water (background), atmospheric fallout, 
or nuclear industry operations. Water samples 
are obtained from 43 ijocations for gross beta 
analysis (figure 1). Table 1 gives the sampling 
frequency and type of sample. Larger size 
samples are collected at selected locations for 
strontium-90 analysis. 


Analytical procedures 


Beta activity concentrations are determined 
by evaporating a known volume of water to 
dryness and counting in an end-window, gas- 
flow proportional counter. 

For strontium-89 and strontium-90 deter- 
minations, a measured volume of water is 








passed through an ion exchange column. The 
radiostrontium is complexed on the resin as 
strontium sulfate. The strontium is then elu- 
ted from the resin. The resultant solution is 
concentrated and subsequently counted in a 
low background, end-window, gas-flow propor- 
tional counter. Successive countings at 2-day 
intervals facilitate the determination of the 
strontium-90 and strontium-89 concentrations. 


Discussion and results 


The observed gross beta activity concentra- 
tions in New York surface water for January- 
June 1965 are given in table 1. It should be 
noted that the Cohoes gross beta results are 
for a raw water sample, while the Cohoes 
radiostrontium results are for a finished water. 


The observed strontium-—89 and strontium- 
90 concentrations in New York water for Janu- 
ary through June 1965 are presented in table 2. 


USES POINT | 
f || 
| 
7 , 





one 
z 





» » « 
Cans 
nie in Mile 





Figure 1. New York water sampling locations 
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Table 1. Gross beta activity concentrations in New York raw surface water 
January-June 1965 






































t Concentration, pCi/liter 
Location Sam- 
pling 
Jan | Feb | Mar | Apr | May | Jun 
! ie CE CI a oa. os 0nnnsecemitntnevidonvacsane BD | 9.5| 9 10.5| 9.5] 8 NS 
EE LE EE ee Q NS NS 6 NS NS NS 
RS eS ee = See ae M 6 6 8 12 4 NS 
Binghamton (Binghamton Water Supply) - --.....--.------- Q NS NS 6 NS NS NS 
Canandaigua (Canandaigua Lake)...............-..------- Q NS 6 NS NS NS NS 
Cape Vincent (St. Lawrence eneer? L avusrenth: a: tsiiih-ah gle edieataseealiael Q NS NS NS NS NS 
on on ce ackspeencenawabebaualien Q NS NS 6 NS NS NS 
| ee een aes NS NS NS NS NS 13 
ee ea ok canccgesunateabesbcaseasel M NS | 12 6 7 8 7 
Cohoes (Mohawk River) - - - --.. --- essadentonialincnaaebe D 5.3 7.8 5.8 | 10.2 6.3 NS 
Elmira (Semung I  vingin bchuin wee elentumiiiosaadal ae NS NS 3 NS NS NS 
Geneva (Seneca Lake) - - - - .. 2 aRGEE WEED ent 1. E 5 a'ea ae 5 NS NS NS NS NS 
Glenmont (Hudson River) --- ay juctttianesnmenel D 5.6 8.3 5.8 6 6 NS 
Hale Eddy (Delaware River) - pditte nieké .dmusesaneued Q NS NS 2 NS NS NS 
’ Haverstraw (Letchworth River) -- - , : See NS 2 2 3 NS 3 
Highland Falls (Bog Meadow Brook) “eae 3 3 3 3 2 NS 
Lansing (Airport Well) _- : naa an NS NS NS NS NS <1 
(Bush Well) - “ries akan PSE NS NS NS NS NS 1 
(Neigh Well) = i ‘ aa he ae Q NS NS NS NS NS 1 
Niagara Falls (Niagara River) _ shin nd wainnaalin eae M NS NS 8 9 NS 8 
(Niagara River, West Branch) - IE NS 6 6 7 NS 
Orangetown (Hackensack River) CE NS NS; 3 NS NS NS 
| Ossining (Hudson River) a ewe ; ‘ D 32.3 | 20.5 | 23.4 | 27.5 | 14 23 
(Indian Brook Reservoir). _- a . ee 8 oo) 8 7 4 NS 
Oswego (Lake Ontario)............-. , : <couaeee 4.3 3.5 4.5 NS 6 6 
SI IIIDS  widcceccandoce aes ane ona a NS NS NS 9 NS NS 
Pawling (Pond At United Nuclear)_............-.-.--- ..| M 5 7 5 7 6 NS 
Peekskill (Camp Field Water Supply) ee NS | 12 3 5 6 NS 
ee aaa : gl an D 32 20.5 | 12.2 | 18 7.3 15 
j Port Jervis (Delaware River) - F . io ee ee Q NS| 4 NS NS NS NS 
Ramapo (Hillburn Reservoir)... ....._. ‘ py + NS NS 1 2 NS 3 
Rome (Fish Creek) ____._- alee es oonnal 6 6 4.5 5 5 NS 
Rouses Point (Lake C hamplain) _- TIPLE Xs PAX Gee Q NS NS NS NS 5 NS 
Schenectady (Mohawk River) bee aude. cobain 5.8 | 5.4 5.3 5.5 4.5 NS 
Seneca Falls (Cayuga Lake) ATO AAT RITES, 2 Q NS NS | 5 NS| 7 NS 
Skaneateles (Skaneateles Lake)....__............----------- NS NS NS 5 NS NS 
Stony Point (Iona Island)...__..____. : ek Ra, M NS 2 2 NS 1S NS 
j Tuxedo (Indian Kill).......- eet BEL EAG RCS Te. a M 9 7 5 5 5 NS 
Waterford (Hudson River)...._......-.-..---------------- Cc 6 6.7 5.2 5.8 | 11.5 NS 
Waterloo (Seneca River) bab achidas CE NS NS| 7 NS NS NS 
Watertown (Black River) ETS TSE = |S BD 5.5) 8 5.5 8.5 NS 
Watervliet (French Mills Reservoir) . ELST Re. BD 5 7 5 4 NS NS 
Yorktown (Croton Reservoir) - -. .- REPEALIGS ON 2 M 6 3 NS NS| 2 NS 
! 
Key to symbols: BD-s- weekly composite of daily grab samples. ee grab sample. 
)— Weekly composite of daily grab samples. —Querterl v grab sample. 
C—Continuous bleed-off-analyzed weekly. Ns— o sample collected. 


W—Weekly grab sample. 


Table 2. Strontium-89 and strontium-90 concentrations in New York water, January-June 1965 








Strontium-89 concentration, pCi/liter Strontium-90 concentration, pCi/liter 
Sampling location 

Jan Feb | Mar | Apr | May | June | Jan Feb | Mar | Apr | May | June 
) sa ape A a eee NS Pi Se 2? 2 2 ae oe es ae 
in cuits ktioneninannecnenen <3 <3 <3 <3 <3 NS <3 <3 <3 <3 NS 

Ashford (Buttermilk & Frank Creek)... ......- <3 NS NS <3 <3 <3 <3 NS NS <3 <3 
Pa Sidncid chaticadeseneseoudecse <3 NS NS} NS <3 <3 <3 NS NS NS <3 <3 
I I nin cudnt peibeansnedeiabes ous <3 <3 <3 <3 <3 <3 <3 3 <3 <3 <3 <3 
(Cattaraugus Creek at Bigelow Bridge).............- <3 <3 <3 <3 NS NS <3 <3 <3 <3 NS NS 
(West Valley Water Supply) ._-..........-.---- <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 
' Sti sbteucithet thy inves ogudbaianades NS NS <i NS NS NS| NS| NS <4 NS NS NS 
ied tic cn tctectuantiesdees chesin bakes NS| NS| <3] NS| NS <3} NS| NS <3} NS| NS <3 
Ns dot arectnndns momk wae amped éelsmanre NS <3 NS NS NS NS NS <3 NS NS NS NS 
I ti c:kvesicher chant aiatiticiaiet villianieiadaiit NS NS <3 NS NS NS NS NS <3 NS NS NS 
CE atuitibrnaeed sceeut oieedhanenetsenetes NS| NS| <3] NS| NS| NS| NS/ NS| <3] NS| NS NS 
{ Cohoes (treated water) FEE DARE TN I Ft RT A <3 <3 <3 <3 NS <3 <3 <4 <3 <3 NS 
Concord (18 Mile Creek) - - - . -.. eusvetadece STE: SS NS <3 NS <3 NS 3 NS <3 NS <3 NS 
__ SS toe ie a Rae RS ae “--"-"""""| NS| NS| <3! NS| NS| NS| NS| NS| <3] NS| NS NS 
i East Otto (East Otto Creek)...............--.- : R <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 
(Cattaraugus Creek at Sc oby I Hill Bridge) Ee a <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 
(C ——— ama at RS Ree ae <3 <3 <3 <3 <3 <3 <3 <3 3 <3 <3 <3 
Ellicottville . . ‘ <3 <3 <3 <3 <3 NS <3 <3 <3 <3 <3 NS 
Elmira 2 FEA OEY PIE Bile 2S 5 eee NS NS <3 NS NS NS NS NS <3 NS NS NS 
Franklinville ERI IO ORE, 1 Eat rie <3 <3 <3 <3 <3 NS <3 <3 <3 <3 <3 NS 
ae ‘ a aan <3 <3 <3 <3 NS <3 <3 <3 <3 <3 NS 
{ New York City (Ridgew ood Reservoir) - <3 NS NA NS NS NS <3 NS NA NS NS NS 
(Jerome Park Reservoir)...........-- pS RE Magi vet <3 NS <3 NS <3 NS 3 NS <3 NS 5 NS 
(Central Park Reservoir) nad ink anal ‘ NS <3 NS NS NS NS NS 5 NS NS NS NS 
(Croton Water Supply) - - athisicuiuseats a NS NS NS <3 NS NS NS NS NS <3 NS NS 
Orangetown. : BENS es SE me NS NS <3 NS NS NS NS NS <3 NS NS NS 
Oswego (Lake Ontario)........-.-.--------«-------- NS NS NS <3 NS NS NS | NS NS <3 NS NS 
(Oswego River) a ; ad ah NS NS NS NS NS NS NS NS NS <3 NS NS 
Port Jervis... ..- ; EI OP : = ; <3 NS NS NS NS NS <3 NS NS NS NS NS 
| iia a RS pera : Ns| NS| NS! NS| <3/ NS/] NS| NS| NS/| NS| <3 NS 
Seneca Falls... 8 ee RR EES eee NS NS <3 NS <3 NS NS NS <3 NS <3 NS 
Skaneateles Soi Dit 9 A OE PIED NS NS NS <3 NS NS NS NS NS <3 NS NS 
Waterloo SERRE MS PETG Shit RE NS <3 NS NS NS NS NS <3 NS NS NS 












































Key to symbols: NA, no analysis performed 
NS, no sample collected 
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Other State coverage: 
Program 


California surface water sampling program 
Florida water sampling program 

Kentucky water sampling program 

Minnesota surface water sampling program 
New York surface water sampling program 
North Carolina water sampling program 
Washington surface water sampling program 





Last presented 
September 1965 
November 1965 
March 1965 

August 1965 

September 1965 
November 1965 
February 1965 
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Section III. 


Air and Deposition 


RADIOACTIVITY IN AIRBORNE PARTICULATES AND PRECIPITATION 


Continuous surveillance of radioactivity in 
air and precipitation provides one of the earli- 
est indications of changes in environmental 
fission product activity. To date, this surveil- 
lance has been confined chiefly to gross beta 
analysis. Although such data do not provide 
enough information to assess total human radi- 
ation exposure from fallout, they can be used 
for determining when to modify monitoring in 
other phases of the environment. 

Surveillance data from a number of pro- 


grams are published monthly and summari’ed 
periodically to show current and long-raage 
trends of atmospheric radioactivity in the 
Western Hemisphere. These include data from 
activities of the Public Health Service, the 
Canadian Department of National Health and 
Welfare, the Mexican Commission of Nuclear 
Energy, and the Pan American Health Organi- 
zation. 

An intercalibration of the above networks 
was performed by Lockhart (1) in 1962. 





1. Radiation Surveillance Network 
September i965 


Division of Radiological Health 
Public Health Service 


Surveillance of atmospheric radioactivity in 
the United States is conducted by the Radiation 
Surveillance Network (RSN) which regularly 
gathers samples from 74 stations distributed 
throughout the country (figure 1). Most of the 
stations are operated by State health depart- 
ment personnel. 

Daily samples of airborne particulates and 
precipitation are forwarded to the Radiation 
Surveillance Network Laboratory in Rockville, 


Maryland, where they are analyzed for gross 
beta activity. Selected samples are also anal- 
yzed by gamma spectrometry. The alerting 
function of the network is provided by routine 
field estimates of the gross beta activity made 
by the station operators prior to forwarding 
the samples. When high air levels are reported, 
appropriate officials are promptly notified. 
Compilation of daily field estimates and labora- 
tory confirmations are reported elsewhere on 
a monthly basis (2). A detailed description of 
the sampling and analysis procedures was pre- 
sented in the December 1965 issue of Radio- 
logical Health Data. 
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Figure 1. Radiation Surveillance Network sampling staticns 
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Results 


Monthly values of gross beta activity in air showed traces of fresh fission products. Time 
and precipitation are given in table 1 for Sep- profiles of gross beta activity in air dating 
tember 1965. Activities remained at low levels. back to 1958 for eight RSN stations are shown 
Of 300 air samples gamma scanned, none in figure 2. 
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Figure 2. Monthly and yearly profiles of beta activity in air— 
Radiation Surveillance Network, 1959—September 1965 
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Table 1. Gross beta activity in surface air and precipitation, September 1965 



































Air surveillance Precipitation 
Station location Number of Gross beta activity, pCi/m* 
samples — Fe ‘ Total 
profile ep eposition 
in RHD (mm) (nCi/m$) 
Air Ppt Maximum Minimum Average * 
Ala: ESSE EE OCR et 30 5 one <.10 <.10 | May 65 73 <15 
lesa: lh a alee ra 29 “12 <:10 <.10 | Sep 65 (>) 
SE SER RE Saat 22 16 <.10 <.10 <.10 | May 65 76 <15 
ie EET ai eh RR: 12 <.10 <.10 <.10 | Oct 65 (>) 
ESE SR a ers ll 4 <.10 <.10 <.10 | Jun 65 26 <5 
a ll 4 -16 <.10 <.10 | Jul 65 44 <9 
RES ETE aT ee 6 <.10 <.10 <.10 | Aug 65 (>) 
+2 OER SeE er eNpES 6 <.10 <.10 <.10 | Dec 65 (>) 
Point Barrow................ RIE EY i (°) Nov 65 (>) 
Ss NE NE Se a sS cdc cncbamageud 27 <.10 <.10 <.10 | Jan 66 (>) 
Ariz a eS S58 ts is Ch OS ie to 28 .24 <.10 <.13 | Jul 65 (>) 
Ark: Rn 20 4 -16 <.10 <.11 | Jun 65 152 <30 
Calif: | SII Ser 2 SS aS: 20 17 <.10 <.11 | Aug 65 (>) 
I ais isis is = arin wcetilnianiemtineasinaas 30 6 15 <.10 <.11 | Dec 65 1l <2 
C.2: | SE ae BROT TTS Bai 17 <.10 <.10 <.10 | Aug 65 (>) 
Colo | TEES le Sd BB a 28 6 -28 <.10 <.12 | Aug 65 77 <16 
Conn: SS LTS SEE SEE 29 7 12 <.10 <.10 | Jul 65 <13 
Del: 0 ERS oii Ley ee a ae 20 .16 <.10 <.11 | May 65 (>) 
D.C: Washington. ___-......--_- ae. 29 6 13 <.10 <.10 | Nov 65 53 <i1l 
Fla: ERI Ge ee a ae 30 10 13 <.10 <.10 | Jun 65 158 <32 
| MRE Ce at 6 a RE 24 9 17 <.10 <.11 | Jul 65 106 <21 
Ga: RE eee See ON ER ae aR! (*) 5 Jan 66 72 <15 
Guam: TEE RIS CEE ELSIE S ORY 29 14 <.10 <.10 | Apr 65 (>) 
Hawaii: SST Ee ae gr Ray St 30 4 15 <.10 <.10 | Oct 65 70 <14 
Idaho: sO Ree 29 2 18 <.10 <.11 | Oct 65 4 <1 
1: | FREER LS oP REF os 28 1 13 <.10 <.10 | Nov 65 6 <1 
Ind: ESS LEI! OE Le 30 8 12 <.10 <.10 | Jan 66 129 <26 
Iowa: Iowa City_.....-.. ERA PE 2 LG 29 13 ll <.10 <.10 | Aug 63 246 <49 
Kans: NE Binns. ancy Ain caleneale waipeinaiiel 7 13 <.10 <.10 | May 65 140 <28 
Ky: EES SA: aa 29 8 -20 <.10 <.10 | Nov 65 40 <8 
La EES a ae 29 7 <.10 <.10 <.10 | Nov 65 98 <20 
Maine: EEE NSRESS URPES SS pe RE Se 30 7 -12 <.10 <.10 | Dec 65 58 <12 
SR a ie ae 21 7 <.10 <.10 <.10 | Aug 65 93 <19 
Md: | RETARD ABE AES 20 3 15 <.10 <.11 | Jul 65 26 <5 
Rockville Lab 16 .16 <.10 <.11 | Oct 65 (>) 
Mass: Lawrence - - - - 28 7 -16 <.10 <.11 | May 65 129 <26 
Winchester _ - 26 6 <.10 <.10 <.10 Pp 60 <12 
Mich: Lansing - -- -- 30 10 12 <.10 <.10 | Oct 65 156 <31 
Minn: Minneapolis - 22 9 -ll <.10 <.10 | Apr 65 155 <31 
Miss: SO ee ae a 29 5 .16 <.10 <.10 | Dec 65 121 <24 
Mo Jefferson City 30 8 13 <.10 <.10 | Jan 66 172 <35 
Mont Pn nnccdcbancocihitddelas onibweidll 29 14 -20 <.10 <.11 | Sep 65 94 <19 
Nebr in caste tiinsgeiceuxwoninasenem tl 17 4 15 <.10 <.11 | Jan 66 128 <26 
Nev RTI, cs, win dsceh arin aeaiabid aenhiediipiinarinadil 25 -22 <.10 <.13 | Jun 65 (>) 
N.H EES RET SEIS: 20 13 <.10 <.10 | Nov 65 (>) 
PEE du sesakenhedpsctusdcssdweun 27 3 15 <.10 <.11 | Dec 65 16 <3 
N. Mex i eS a, 28 8 12 <.10 <.10 | Sep 65 31 <7 
N il i TR ae A I a I i: SPS = 21 ll 15 <.10 <.10 | Jan 118 <23 
cies ce dihirta cree ce nai ian dicts elas 28 13 <.10 <.10 | Aug 65 (>) 
4 RSE eee 30 <.10 <.10 <.10 | Sep 65 (>) 
N.C (ie eng at PER AEE BAT IEE 30 2 16 <.10 <.11 | Aug 65 17 <3 
N. Dak ES ER ae, ee re 25 12 -ll <.10 <.10 | Nov 65 lll <23 
io EPC ae eer eS 12 <.10 <.10 <.10 | May 65 (®) 
Columbus- --- __- we cceceencccccoccecece 30 7 .20 <.10 <.11 | Dec 65 178 <36 
SN 64. chichtieh cnweedakeaes int 29 8 .16 <.10 <.11 | Jul 65 42 <9 
Okla: NE I. 24 1 <.10 <.10 <.10 | Oct 65 54 <l1l 
RS eee ehsnes-one 27 7 <.10 <.10 <.10 | Jul 65 93 <19 
Ore edie ctinnn cons esteesosseununane 29 1 -27 <.10 <.16 | Jan 66 1 <0 
Pa: I nk on ciwalmenngectinercccecceh 26 2 <.10 <.10 <.10 | Jan 66 34 <7 
P. R: 0 eee er 7 4 <.10 <.10 <.10 | Dec 65 34 <7 
R. I: LL Eee ea 28 5 <.10 <.10 <.10 | Oct 65 42 <8 
8. C: N26 Ande stihoneoctuckatoaka dai 30 6 13 <.10 <.10 | Sep 65 146 <29 
8. Dak: DN i odie cwticivescaneb couennsace 29 4 14 <.10 <.10 | Jul 65 33 <7 
Tenn MeGNVEES. . = 2222 o ne esc cokes ncstenase 29 7 <.10 <.10 <.10 | Oct 65 59 <12 
Tex CE rciincscwdenscnctecccncunsenesos 30 8 .12 <.10 10 | May 65 173 <35 
BPs a nnwcncdscecnencenssnuseseoses 28 4 16 <.10 <.10 | Nov 65 <6 
Utah: Sees 29 7 .29 <.10 -13 | Dee 65 60 <13 
Vt: Barre. ...-....-..-.----------.-------- 29 7 -13 <.10 <.10 | Jun 65 105 <21 
Va: DONOR... 2. 220-5 0-2 nn eos ----| 30 4 13 <.10 <.10 | Jun 65 123 <25 
Wash: Deacon wntinvtecunacbensnnesine =e 30 4 12 <.10 <.10 | May 65 18 <4 
Gpokese.............---.-------------- 29 1 14 <.10 <.10 | Apr 65 <0 
W, Va: INS «dns icedeeandbanssooanied 29 7 .14 <.10 <.10 | Sep 65 63 <13 
Wise: See ee ee reer 30 12 <.10 <.10 <.10 | Jun 65 205 <41 
Wyo: RE ere RES 30 9 15 <.10 <.11 | Jun 65 34 <8 
NUE CIT a5 oi esac ce eeenaeeeeeanbece ania 1,818 | 363 0.29 <0.10 <0.10 82 <16 























* The monthly average is calculated by weighting the individual samples with the length of sampling period. Values of <0.10 are assumed to be 0.10 
for averaging purposes. _ If the < values represent more than 10 percent of the average, a less-than sign is placed before the average. 

> Indicates no precipitation sample cellected. 

¢ Indicates no report received. 
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2. Canadian Air and Precipitation 
Monitoring Program September 1965 ' 


Radiation Protection Division 
Department of National Health and Welfare, 
Ottawa, Canada 


The Radiation Protection Division of the 
Canadian Department of National Health and 
Welfare monitors surface air and precipitation 
in connection with its Radioactive Fallout 
Study Program. Twenty-four collection sta- 
tions are located at airports (see figure 3), 
where the sampling equipment is operated by 
personnel from the Meteorological Services 


Branch of the Department of Transport. De- 
tailed discussions of the sampling procedures, 
methods of analysis, and interpretation of re- 
sults of the radioactive fallout program are 
contained in reports of the Department of 
National Health and Welfare (3-7). 


A summary _of the sampling procedures and 
methods of analysis was presented in the 
December 1965 issue of Radiological Health 
Data. 


Surface air and precipitation data for Sep- 
tember 1965 are presented in table 2. Specific 
radionuclide data are presented in table 3. 
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Figure 3. Canadian air and precipitation sampling stations 


Table 2. Canadian gross beta activity in surface air and 


precipitation, September 1965 


Table 3. Radionuclide deposition in Canadian fallout, 
September 1965* (nCi/m?) 



































Air surveillance Precipitation 
measurements 
Station Num- Activity, pCi/m! Average| Total 
ber of concen- | deposi- 
sam- tration tion 
ples Maxi- Mini- | Average| (pCi/ (nCi/ 
mum mum liter) m?) 
Calgary......... 30 0.2 0.0 0.1 45 3.7 
Coral Harbour --- 30 0.2 0.0 0.0 20 1.0 
Edmonton. - - --- 30 0.1 0.0 0.1 96 2.2 
Ft. Churchill. -.- 28 0.1 0.0 0.0 32 1.5 
Ft. William- - --- 30 0.1 0.0 0.1 33 5.4 
Fredericton. --..- 30 0.1 0.0 0.1 45 Re 
Goose Bay - ----- 30 0.1 0.0 0.1 41 2.9 
I ecercishnseeses 0.1 0.0 0.1 52 1.5 
aie 30 0.2 0.0 0.0 67 1.4 
Montreal. _-._._- 29 0.1 0.0 0.1 27 2.8 
oosonee._____- 30 0.1 0.0 0.0 35 2.9 
RRA pt 29 0.2 0.0 0.1 43 2.9 
uehec _ 30 0.1 0.0 0.1 19 2.9 
eat 30 0.2 0.0 0.1 45 2.5 
Resolute. _._._.- 28 0.1 0.0 0.0 NS NS 
St. John’s, Nfid.- 28 0.2 0.0 0.1 26 1.6 
Saskatoon- --.---- 24 0.1 0.0 0.1 55 1.7 
Sault Ste. Marie_ 30 0.1 0.0 0.0 18 3.4 
» aa 30 0.1 0.0 0.1 27 RY 
Vancouver. --- .- 30 0.2 0.0 0.1 120 1.8 
Whitehorse ___ . _- 30 0.2 0.0 0.1 26 0.8 
Windsor ---_..-- 29 0.2 0.0 0.1 23 1.3 
Winnipeg - --.-... 30 0.1 0.0 0.1 45 2.9 
Yellowknife- - -.- 30 0.1 0.0 0.0 309 1.0 
Network 
summary ----.- — | 0.1 | 0.0 0.1 54 2.2 











NS, no sample collected. 
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Station ‘Strontium-90 Cesium-137 

i as a eistvaiiclen ts wlorinaieia inne 0.22 0.38 
EE EE EEE ES 0.05 0.08 
ceca iglamandededwkmrw rae 0.17 0.22 
dads, caiciuinn deamsele ade 0.18 0.27 
I a ee edna weil 0.52 0.74 
SE eee 0.22 0.27 
AR ae Se ae ees 0.73 0.20 
eT er 0.16 0.21 
0.14 0.18 

0.18 0.31 

0.24 0.45 

0.19 0.34 

0.26 0.37 

gi 0.11 0.38 
| EE Se SEES Ee NS NS 
PEPE wakodunadccedbicccsue 0.19 0.27 
i tata wien andl 0.16 0.38 
I IE. ss Cd eodadesinessescon 0.34 0.40 
| SCORSESE ae ae 0.11 0.17 
ee acaubioanccwnnon 0.15 0.26 
Eel SSSR a 0.05 0.09 
. gens 0.13 0.20 
Winnipeg ‘ 0.19 0.29 
I, sb isiaandeutcdcccacdsuse 0.15 0.12 
Sa aoe 0.21 0.29 











NS, no sample collected. —- odie 
* ®Sr, %Zr, and Ba not reported due to insignificantly low levels. 
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3. Mexican Air Monitoring Program 
September 1965 


National Commission of Nuclear Energy 


The Radiation Surveillance Network of 
Mexico is operated by the Comisién Nacional 
de Energia Nuclear (CNEN), Mexico City. 
From 1952 to 1961, an earlier network was 
directed by the Institute of Physics of the Uni- 
versity of Mexico, under contract to the CNEN 
(8-12). 


The new Radiation Surveillance Network, 
operated by CNEN’s Division of Radiological 
Protection, consists of 17 stations (see figure 
4), 12 of which are located at airports and 
operated by airline personnel. The remaining 
five stations are operated by staff members of 
other agencies. 


Sampling procedures were outlined in the 
December 1965 issue of Radiological Health 
Data. 


Table 4 presents the maximum, minimum, 
and average gross beta activity concentrations 
in surface air during September 1965. 


Table 4. Mexican gross beta activity of airborne 
particulates, September 1965 











Number Gross beta activity, pCi/m* 
Station of 
samples 
Maximum | Minimum | Average 

pO a eee 17 0.1 <0.1 <0.1 
Ciudad Juérez__._...._. 18 0.1 <0.1 <0.1 
Sea 20 0.2 <0.1 0.1 
cn uancensodae 9 0.2 <0.1 0.1 
Guadalajara_-__...._.._- 14 <0.1 <0.1 <0.1 
eee 12 <0.1 <0.1 <0.1 
ih athena wimicivw act 8 0.2 <0.1 <0.1 

Matamoros®...____._--- 
Ey Sear 16 0.1 <0.1 <0.1 
ea 10 0.1 <0.1 <0.1 
eee, D..........-- 17 0.1 <0.1 <0.1 
Nuevo Laredo.-----._-- 5 0.1 <0.1 <0.1 
San Luis Potosi_......-. 15 0.1 <0.1 <0.1 
| =e 19 0.2 <0.1 <0.1 
. eee 20 0.2 <0.1 <0.1 

Tuxtla Gutiérrez*._...__ 
EE 10 <0.1 <0.1 <0.1 

















* Temporarily shut down. 


1 Prepared from information and data in the October 
1965 monthly report “Data from Radiation Protection 
Programs,” Canadian Department of National Health 
and Welfare, Ottawa, Canada. 
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Figure 4. Mexican air monitoring sampling locations 


4. Pan American Air Sampling Program 
September 1965 


Pan American Health Organization 
and Public Health Service 


Gross beta activity in air is monitored by 
several countries in the Americas under the 
auspices of a collaborative program developed 
by the Pan American Health Organization 
(PAHO) and the Public Health Service (PHS) 
to assist PAHO-member countries in develop- 
ing radiological health programs. The sampling 
equipment and analytical services are provided 
by the Division of Radiological Health, PHS, 
and are identical with those employed for the 
Radiation Surveillance Network. 

The September 1965 air monitoring results 
from the participating countries are given in 
table 5. Sampling station locations are shown 
in figure 5. 


Table 5. Gross beta activity in surface air (concentrations 














in pCi/m’), September 1965 
Number| Maxi- Mini- Aver- 
Station location of mum mum age* 
samples 

Buenos Aires, Argentina... ...... 7 | <0.10 | <0.10 <0.10 
SE EI nnn ecoavéeobeue 27 0.11 <0.10 <0.10 
Kingston, Jamaica--_--.......... 10 | <0.10 | <0.10 <0.10 
_ 9 (iF i epSierae <0.10 | <0.10 <0.10 
aracas, Venezuela.__..........- 21 | <0.10 |} <0.10 <0.10 
Trinidad, West Indies____..____- 20; <0.10 | <0.10 <0.10 
| RN EERE A. 92 0.11 | <0.10 <0.10 

















_* The monthly average is calculated by weighting the individual samples 
with length of sampling price. Values of <0.10 are assumed to be 0.10 
for averaging purposes. If the < values represent more than 10 percent of 
the average, a less-than sign is placed before the average. 
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Figure 5. Pan American Air Network sampling stations 
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5. National Air Sampling Network 
July-September 1965 


Division of Air Pollution 
Public Health Service 


The necessity of having basic data on the 
nature and extent of air pollution throughout 
the United States led to the organization of 
the National Air Sampling Network (NASN) 
in 1953. One of the many analyses performed 
by the NASN on their air samples is for gross 
beta radioactivity. NASN stations (figure 5) 
are manned by cooperating Federal, State, and 
local agencies. The network consists of 110 


sampling stations which operate every year 
and 130 stations which operate every other 
year. A description of the sampling network 
was presented in the December 1965 issue of 
Radiological Health Data. Third quarter 1965 
gross beta activities in air are given in table 6. 


Previous coverage in Radiological Health 


Data: 


Period Issue 

Annual Summary 1964 April 1965 
January—March 1965 July 1965 
April-June 1965 October 1965 
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Table 6. Gross beta activity in surface air, NASN, July-September 1965 











Ark: 
Calif: 


Colo: 


Conn: 


Dela: 


D.C: 
Ga: 
Hawaii: 
Idaho: 


Ill: 


Ind: 


Maine: 
Md: 


Mass: 


Mich: 


Minn: 
Miss: 
Mo: 


Mont: 
Nebr: 
Nev: 


N. H: 
N. J: 


Station name 





Birmingham... -..-.-.-.---. 
OO, eR 
Montgomery -------- - --- 
Grand Canyon Park *_--- 
Paradise Valley - ---...-.-- 
Ti chacabisécovebeos 
| ESE 
OS EE eee 
Montgomery County *--_- 
Glendale -- _--- Fon way ie 
Humboldt County * 


TD Ss ncanencowtse 
San Francisco 
eae 
Montezuma County *- - -- 


Hartford - - --. Sb ST yi OR 


New Britain 
New Haven 
i. piastacradooa 
Waterbury - - - 
Kent County * 
| Se 
Washington- 
Cdn déncnaws ton 
th: cnkesedbed we 
ey Ee 
Butte County * 
tk whandencwoe 
East St. Louis... -...... 
nda tambaonens sta 
North Chicago... ...-..-- 
Ege ae 


Springfield... ........-- 
East i om 


Indiana’ 
Parke County ae 


a 
Beverly Shores--_---- - - - - 
Dunes Police Post #1 - 

Dunes State Park 
Ogden Dunes--_. 
+ Sea 
DO) 
Cedar Rapids. ---.--..---- 
Delaware County *- _---- 
Des Moines. ---- - - - -- iiss 


Lexington 
| SE 
New Orleans...........- 
Shreveport 


eS 
i c<cinapbesaes 
Calvert County * 
Brockton 





ee 
Minneapolis 
St. Paul 


Joeman ®...........---- 


Shannon County Tape 
Glacier Nat Park *- _---- 





Conco' 
Coos County *-.....-.--- 
Bayonne 

a canciakiatnn 








Maxi- 
Number| mum 
of Fe 
samples 
(pCi/m*) 


AQANAANAAANNTAUBDANHAUAINNAONS 
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RAWAM RAUB ONOASSOOCSCOSCORONNNNNENHE OE ERNE 


soccocoscococeooosossssoooooosoHHsssossossoSsSssssosssssss 
DUDS PDOAUVA ADEA ROUTE WRENN HOWNE WARE RIWORASNAS 


0 


ASAI BAIA OUNNAADANWS AMAA ANADANHABDABDAGAN 
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conosco 


ASABDBAANONAID 


a) 


eoooocescsosoossessssss 


Owatonna 















































Mini- | Average Maxi- Mini- | Average 
mum Number; mum mum 
SS Station name of 
samples 
(pCi/m!)| (pCi/m!) (pCi/m!)| (pCi/m*)| (pCi/m!) 
0.1 0.2 || N. J.—Continued 
<0.1 0.2 ae 7 1.0 0.1 0.3 
<0.1 0.1 cn hihed wide hires pou 5 0.4 <0.1 0.2 
0.1 0.2 RS his oommewa 6 1.0 <0.1 0.3 
0.1 0.2 eee 6 0.3 <0.1 0.2 
<0.1 0.2 lie see SRR 4 0.6 0.1 0.3 
0.1 0.1 fae 7 0.4 <0.1 0.2 
0.1 0.2 A a dies cegkiare direc 6 0.9 <0.1 0.3 
0.1 0.2 OE See 6 0.7 <0.1 0.3 
0.1 0.2 Perth Amboy - ---------- 7 1.0 <0.1 0.4 
0.1 0.1 SSP ea 5 0.4 0.2 0.2 
0.1 0.2 || N. Mex: Albuquerque_._.__...--- 6 0.3 0.1 0.2 
0.1 0.2 Rio Arriba County - - - - -- 7 0.3 <0.1 0.1 
0.1 OG BS sg: Cape Vincent *_____. J 6 1.0 m | 0.3 
0.1 0.2 New York City__...---- 6 1.1 <0.1 0.4 
0.1 0.14] N.C: oO 7 0.6 0.1 0.2 
0.2 0.4 Cape Hatteras *____..--- 7 0.3 0.1 0.2 
<0.1 0.2 || Ohio Akron Saaiat ots 6 0.6 0.1 0.3 
<0.1 0.3 Cincinnati __ 7 0.4 0.1 0.2 
0.1 0.3 Cleveland 7 0.5 0.1 0.3 
<0.1 0.3 Columbus - - _- 6 0.7 0.1 0.3 
0.1 0.4 Toledo_____- 7 0.5 <0.1 0.3 
0.1 0.3 Youngstown _. 7 0.7 <0.1 0.3 
0.1 0.4 || Okla: Cherokee County * ean 7 0.4 0.1 0.2 
<0.1 0.3 Oklahoma City a 7 0.3 0.1 0.2 
0.1 0.2 ae ..| 6 0.3 0.1 0.2 
0.1 0.3 || Ore: Curry County *_ eal 5 0.1 <0.1 0.1 
<0.1 0.2 Eugene_________. | 7 0.4 0.1 0.2 
0.1 0.1 Medford -| 6 0.4 0.1 0.2 
0.1 0.4 Portland ____- al 7 0.3 0.1 0.2 
0.2 0.3 || Penna: Allentown. ____- of 4 0.2 0.1 0.2 
0.1 0.2 SSS 5 . 3 0.1 0.5 
0.1 0.4 Bethlehem___.__.___.__- 5 0.4 <0.1 0.2 
0.1 0.3 Pipersville_.______.__- f 5 | 0.9 0.1 0.3 
0.2 0.3 Embreeville_______.__.- | 6 0.9 0.1 0.3 
0.1 0.3 Clarion County *_-_-.--- 6 0.7 <0.1 0.2 
0.1 0.3 ee awww 6 0.7 0.1 0.3 
0.1 0.3 Johnstown..........---.- 6 0.7 <0.1 0.3 
0.1 0.3 FE RS 6 1.0 <0.1 0.4 
0.1 0.3 Eagleville. ____.___- 5 | a 0.8 0.1 0.3 
0.1 0.2 Sanatoga_______- js 4 0.3 <0.1 0.2 
<0.1 0.2 Philadelphia __- _- 6 0.4 <0.1 0.3 
0.1 0.2 Pittsburgh - 5 0.3 <0.1 0.1 
0.1 0.3 Reading_-_____- 5 1.0 <0.1 0.3 
0.1 0.1 Warminster____ 6 0.3 0.1 0.2 
0.1 0.2 West Chester - 7 0.8 <0.1 0.3 
0.1 0.3 Se } 7 1.0 <0.1 0.3 
0.1 0.2] P. R: Bayamon.--_.......- 5 0.1 <0.1 0.1 
0.1 0.3 Guayanilla__.____- .| 6 0.2 <0.1 0.1 
0.1 0.2 _ “| 7 0.2 0.1 0.1 
0.1 0.3 eS on oe Sa 6 0.3] <0.1 0.1 
0.1 0.2] R.I East Providence. __--__- | 5 0.3 0.1 0.2 
0.1 0.2 Providenes............. 7 0.9 0.1 0.3 
0.1 0.2 Washington County *_-_- 7 1.0 0.1 0.4 
0.1 0.211 8. C: Charieston.............. 5 0.2 0.1 0.2 
<0.1 0.2 Richland County ®_ ___-- 3 0.1 <0.1 0.1 
0.1 0.2 Spartanburg. _____.____- 7 0.7 0.1 0.2 
0.1 0.1 || S. Dak: Black Hills Forest *_____- Ra 0.3 <0.1 0.1 
0.1 0.2 ee. eee 7 0.8 <0.1 0.2 
<0.1 0.3 || Tenn: Chattanooga...__..._.-- 5 0.2 <0.1 0.1 
0.1 0.2 DI cbc cacceece 6 | 0.4 <0.1 0.2 
0.1 0.2 ncn wate 7 | 0.4 | <0.1 0.2 
0.1 0.2 ak. os on cs alte 5 | 0.4 0.1 0.2 
0.1 0.2 || Tex 8, claws 7 | v.3 | 0.1 0.2 
0.1 0.5 RET ang 6 | 0.3 | 0.1 0.2 
0.1 0.2 Matagorda County *___-- 6 0.2) <0.1 0.1 
0.1 0.2 San Antonio..........-- 7 0.3| <0.1 0.1 
0.1 0.2 || Utah: Salt Lake City. ........- 7 0.7 0.1 0.2 
0.1 0.2 || Vt: I nc cncascednd 6 0.9 <0.1 0.3 
0.1 0.3 Orange County *____...- 6 0.8 0.1 0.3 
0.1 0.3 || Va: Hampton____. Se Oe 6 0.8 0.1 0.3 
0.1 0.2 OO 7 0.3 0.1 0.2 
<0.1 0.1  - > i eee 6 0.9 0.1 0.3 
0.1 0.2 Shenandoah Nat Park--- 7 0.7 <0.1 0.3 
0.1 0.2 Portsmouth_._........-- 7 0.8 0.1 0.3 
0.1 0.2 6 1.3 <0.1 0.4 
0.1 0.2 aa 6 0.8 <0.1 0.3 
<0.1 0.2 || Wash: TS OS ae 7 0.1 <0.1 0.1 
0.1 0.3 || W. Va: Charleston 6 0.3 0.1 0.2 
<0.1 0.2 | ie aia 5 0.7 0.1 0.3 
0.1 0.3 Wheeling 7 0.6) <0.1 0.3 
0.1 0.2 || Wis: Door County *____....-- 4 0.2 0.2 0.2 
0.1 0.2 ea a aaa 6 0.7 0.1 0.3 
0.1 0.3 ME 6 0.7 0.1 0.3 
0.1 0.3 Milwaukee.............. 6 0.3 0.1 0.2 
0.2 0.4 || Wyo os om meinen 6 0.6 0.1 0.3 
<0.1 | 0.3 Yellowstone Park *_-__-- 6 1.0} <0.1 0.3 




















* Denotes nonurban station. 
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Section IV. 


This section presents results from routine 
sampling of biological materials and other 
media not reported in the previous sections. 
Included are such typical data as those ob- 


Other Data 


tained from human bone sampling, bovine 
thyroid sampling, and environmental monitor- 
ing reports. 


ENVIRONMENTAL LEVELS OF RADIOACTIVITY 
AT ATOMIC ENERGY COMMISSION INSTALLATIONS 


The U.S. Atomic Energy Commission re- 
ceives from its contractors semiannual reports 
on the environmental levels of radioactivity in 
the vicinity of major Commission installations. 
The reports include data from routine monitor- 
ing programs where operations are of such a 
nature that plant environmental surveys are 
required. 


Releases of radioactive materials from AEC 
installations are governed by radiation stand- 
ards set forth by AEC’s Division of Operational 
Safety in directives published in the “AEC 
Manual.” ' 


Summaries of the environmental radioactiv- 
ity data follow for the Oak Ridge Area, 
Paducah Plant, and the Portsmouth Area Gase- 
ous Diffusion Plant. 


1. Oak Ridge Area’ 
January-June 1965 


Union Carbide Nuclear Company 
Oak Ridge, Tennessee 


Oak Ridge Area is a complex made up pri- 
marily of the Y-12 Plant, the Oax Ridge 
National Laboratory (ORNL), and the Oak 
Ridge Gaseous Diffusion Plant (ORGDP). 


1 Part 20, “Standards for Protection Against Radia- 
tion,” AEC Rules and Regulations, contains essentially 
the standards published in the “AEC Manual.” The 
AEC Rules and Regulations are available from the 
Superintendent of Documents, U.S. Government Print- 
ing Office, Washington, D.C. 20402, on a subscription 
basis at $3.50 for 3 years. 

2 Summarized from Environmental Levels of Radio- 
activity for the Oak Ridge Area, compiled by the Ap- 
plied Health Physics Section of the Health Physics. Di- 
vision, Oak Ridge National Laboratory. 
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Radioactive waste materials arising from the 
operation of atomic energy installations in the 
Oak Ridge Area are collected, treated, and dis- 
posed of according to their physical states. 
Solid wastes are buried in a Conasauga shale 
formation which has a marked ion exchange 
activity that enables it to fix radioactive mate- 
rials. Liquid wastes which contain long-lived 
fission products are confined in storage tanks 
or are released to trenches located in the Cona- 
sauga shale formation. Low-level liquid wastes 
are discharged, after preliminary treatment, 
to the surface streams. Air that may become 
contaminated by radioactive materials is ex- 
hausted to the atmosphere from several tall 
stacks after treatment by means of filters, 
scrubbers, and/or precipitators. 


Air monitoring 


Atmospheric contamination by long-lived 
fission products and fallout occurring in the 
general environment of East Tennessee is mon- 
itored by two systems of monitoring stations. 
One system consists of eight stations which 
encircle the plant areas (figure 1) and provide 
data for evaluating the impact of all Oak Ridge 
operations on the immediate environment. A 
second system consists of seven stations en- 
circling the Oak Ridge Area at distances of 
from 12 to 75 miles (figure 2). This system 
provides data to aid in evaluating local condi- 
tions and to assist in determining the spread 
or dispersal of contamination should a major 
incident occur. 
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Figure 1. Oak Ridge Area environmental sampling locations 


Sampling for radioactive particulates is 
carried out by passing air continuously through 
a filter paper. Average concentrations are 
presented in table 1. Airborne radioactive 
iodine is monitored in the immediate environ- 
ment of the plant areas by passing air through 
a cartridge containing activated charcoal. 








Table 1. Long-lived gross beta concentrations in air, 
Oak Ridge ane, a» concentrations in sneniend 
Perimeter Number | First Remote dy wae First 
stations | of | half stations nalf 
(see figure 1) pec eset | 1965 (see figure 1) comnples 1965 
Ginyeniadintinm = Giunbiniamietiitids — - —_ 
| 
ae 26 | 0.26 || HP-51___. .| 26| 0.33 
HP-32_ 26 0.29 || HP-52___- 26| 0.24 
3 eee 26} 0.23 || HP-53_.......| 26 0.29 
HP-34. sas 26 | 0.26 || HP-54___.-. } 26 | 0.29 
Sage 26 0.29 HP-55 a oe | 25| 0.29 
mee. ..:..... | 182] 0.31 | HP-56...____-| 25| 0.27 
HP-37. 26 | 0.25 HP-37__. eax, 26 0.28 
HP-38 26 | 0.33 | 
Average. _ . 0.28 Average. | 0.28 


prennnere contamination te alpha emit- 
ting materials, interpreted as uranium, is de- 
termined by gross alpha measurements of 
continuous 8-hour air samples taken at three 
locations on a 5-mile radius from the ORGDP 
(figure 1). The data are summarized in table 2. 


Table 2. Long-lived gross alpha activity in air * five miles 
from ORGDP, watuarents concentrations in pC vo 


Direction from plant | First a 
* 2% 7 ~ 
North : ha algileaied on ‘ — 0.6 
Northeast Sb ills anesdicliien shtediinnekomaat emideuthi 0.8 
Ses £23 a fepte ena ea ck c neeiie pinrintine tus daeace | 0.9 
* Interpreted as uranium (natural). 
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Milk monitoring 


Raw milk is monitored for iodine-131 and 
strontium-90 by the collection and analysis of 
samples from 12 sampling stations located 
within a radius of 50 miles of ORNL. Samples 
are collected weekly at each of eight stations 
located on the fringe of the Oak Ridge Area. 
Four stations, located more remotely with 
respect to Oak Ridge operations, are sampled 
at a rate of one station each week. The purpose 
of the milk sampling program is twofold: first, 
samples collected in the immediate vicinity of 
the Oak Ridge Area provide data by which one 
may evaluate possible exposure to the neighbor- 
ing population resulting from waste releases 
from Oak Ridge operations; second, samples 
collected at the more remote stations provide 
background data which are essential in estab- 
lishing the proper index for the evaluation of 
data obtained from local samples. 


Water monitoring 


Large volume, low-level liquid wastes origi- 
nating at ORNL are discharged, after some 
preliminary treatment, into the Tennessee 
River System by way of White Oak Creek and 
Clinch River. Liquid wastes originating at the 
ORGDP and Y-12 Plant are discharged to 
Poplar Creek and thence to the Clinch River. 
The radioactivity concentration from White 
Oak Creek is measured, and concentration 
values for the Clinch River are calculated on 
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the basis of the dilution provided by the river. 

Water samples are taken at a number of 
locations in the Clinch River, beginning at a 
point above the entry of wastes into the river 
and ending at Center’s Ferry, near Kingston, 
Tennessee. Stream gauging operations are 
carried on continuously by the U.S. Geological 
Survey to obtain dilution factors for calculating 
the probable concentrations of wastes in the 
river. 

Samples are analyzed for the long-lived beta 
emitters, uranium, and the transuranic alpha 
emitters. 

Analyses are made of the effluent for the 
long-lived radionuclides only, since cooling time 
and holdup time in the waste effluent system 
are such that no short-lived radionuclides are 
present. The averages are given in table 3. 
No uranium was detected in Clinch River water 
samples during this period. 


Table 3. Concentrations of major radionuclides in the 
Clinch River, average concentrations in pCi/liter 














First half 1965 
Radionuclide Location on Clinch River * 
Mile 41.5 Mile 20.8» Mile 4.5 
(Upstream) (Outfall) (Downstream) 
i eaice>aneeen en 0.8 1.3 1.6 
WHOS, sobs vkbiecbeuwss< 0.3 <0.1 0.4 
i | a is <0.1 0.4 2.5 
a ES ee 1.6 15 17 
Lan, e¢ND 2.5 2.7 
se ae REI ND <0.1 0.2 
GHORE TEs ce secs ccece i 44 24 














* The location on Clinch River is given in terms of the distance up- 
stream from the Tennessee River. See figure 1. 

> The concentrations at mi. 20.8 are not measured directly but the values 
are calculated on the basis of levels of waste released and the dilution 
afforded by the river. 


¢ ND indicates none was detected. 


Gamma measurements 


External gamma radiation levels are meas- 
ured monthly at a number of locations in the 
Oak Ridge Area. Measurements are taken with 
a Geiger-Mueller tube at a distance of 3 feet 
above ground, and the results are shown in 
table 4 in terms of mR/hr. 


Table 4. External gamma radiation levels, Oak Ridge 
area, average dose rates sin mR/hr 








Location First half 
| 5 
ee. ee etbeuehes onetem> ones 0.014 
CCS a EES ae ae ae } 0.011 
ee coe cuiuoanaudoesabunie bea’ onl 0.011 
ths inen ake nnouneh sieebbedysseceyeneenes 0.012 
CTE eo Se kbar neeneinsueee oa 0.011 
hhh ites cocentnet ben ts & hdnsavesdwanneteos | 0.012 





Discussion of data 


The average air contamination level for gross 
beta activity, as shown by the continuous air 
monitoring filter data, for both the immediate 
and remote environs of the plant (figure 1 and 
2) was 0.28 percent of the maximum permissi- 
ble concentration for populations in the neigh- 
borhood of a controlled area. This value is 
approximately 30 percent lower than those for 
the last half of 1964 and is no higher than the 
average of those measured in other areas of 
the United States and reported by the U.S. 
Public Health Service Radiation Surveillance 
Network for the period January through April 
1965. 

The average concentration of iodine-131 in 
air in the immediate environs of the plant was 
0.022 pCi/m*. This is approximately 0.022 
percent of the maximum permissible concentra- 
tion for populations in the neighborhood of a 
controlled area. 

The average airborne alpha activity in the 
environs of the ORGDP, five miles from 
ORGDP, was 4.0 percent of the maximum per- 
missible concentration for populations in the 
neighborhood of a controlled area. 

The average concentrations of iodine-131 in 
raw milk in the immediate and remote environs 
of the Oak Ridge Area were 8.7 pCi/liter and 
5.4 pCi/liter, respectively. These values fall 
within the limits of FRC Range I if one as- 
sumes the average intake per individual to be 
1 liter of milk per day. The maximum concen- 
tration observed in any one milk sample was 
75 pCi/liter. This value was measured in a 
sample collected the week of May 30 through 
June 5, 1965. During this time the East Ten- 
nessee Area was experiencing an increase in 
fallout from weapons testing. Laboratory anal- 
yses of samples of fallout confirmed the pres- 
ence of fresh fission products consistent with 
the timing of the announced nuclear detonation 
on the Chinese mainland, May 14, 1965.* 

The average concentration of strontium-—90 
in raw milk for both the immediate and remote 
environs of the controlled area was 17 pCi/ 
liter. This level falls within FRC Range I for 
transient rates of daily intake of strontium—90 
for application to the average of suitable sam- 
ples of an exposed population. 


3 Radiological Health Data, Vol. 6, No. 6, p. 332 
(June 1965). 
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Figure 2. Remote air monitoring stations, Oak Ridge Area 


The calculated average concentration of 
radioactivity in the Clinch River at Mile 20.8 
(the point of entry of most of the wastes) and 
the measured average concentration at Mile 
4.5 (near Kingston, Tennessee) were 44 pCi/ 
liter and 28 pCi/liter, respectively. These 
values are 0.86 percent and 0.73 percent of the 
weighted average maximum permissible con- 
centrations (MPC),. The average concentra- 
tion of transuranic alpha emitters in the Clinch 
River at Mile 20.8 was 0.1 pCi/liter which is 
approximately 0.002 percent of the weighted 
average (MPC),, value. 

The average activity of natural uranium 
materials in the Clinch River, reflecting the 
effects of all Oak Ridge plants, was <0.01 per- 
cent of the (MPC),, for uranium. 

The average external gamma _ radiation 
measured in the town of Oak Ridge and at the 
perimeter of the Oak Ridge Area was 0.012 
mR/hr, which is the same as that level meas- 
ured in the early period prior to Oak Ridge 
operations. 


January 1966 


Conclusion 


Surveillance of the radioactivity in the Oak 
Ridge environs indicated that the majcr part 
of the radioactivity detected continues to be 
the result of fallout from weapons testing. 
While some low level radioactivity is being 
released to the environment from plant opera- 
tions, the resulting concentrations in both the 
atmosphere and surface streams of the Oak 
Ridge environment are well below established 
maximum permissible concentrations and in- 
take guides for the neighboring population. 


Previous coverage in Radiological Health Data: 
Period 


First and second quarters 1961 
Third and fourth quarters 1961 


Issue 
January 1962 
September 1962 


1962 September 1963 
1963 July 1964 
January-June 1964 January 1965 
July-December 1964 July 1965 
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2. Paducah Plant 
January-June 1965 


Union Carbide Nuclear Company 
Paducah, Kentucky 


The Paducah Plant is a Government-owned 
gaseous diffusion plant operated by the Nuclear 
Division of the Union Carbide Corporation for 
the Atomic Energy Commission. The diffusion 
plant, with the associated uranium hexafluoride 
manufacturing plant and uranium metal 
foundry, processes large quantities of relatively 
pure uranium compounds. The major sources 
of external penetrating radiation are the 
daughter products of uranium, thorium—234, 
and protactinium—234, which may be concen- 
trated by uranium recovery processes or by 
uranium hexafluoride vaporization. The ele- 
ment uranium can be a physiological hazard 
only if allowed to enter the body. The chemical 
toxicity of the uranium processed at the Padu- 
cah Plant overshadows any probable biological 
effects of radiation from this element, thus 
making it comparable as a physiological hazard 
to lead, mercury, or other well-known heavy 
metals. 

Uranium is a rather expensive element, and 
this provides a great incentive to recover as 
much in any situation as is feasible. The added 
desire to maintain a wholesome relationship 
with neighboring communities and individuals 
makes it essential that entrained dust be fil- 
tered frorn exhaust systems, and that all efflu- 
ent waters be maintained at extremely low 
concentrations of uranium. 

Since no recovery process or filtering system 
is 100 percent efficient, an environmental moni- 
toring program is required to evaluate the 
effectiveness of such measures. The Paducah 
Plant environmental monitoring program pro- 
vides for continuously sampling air at four 
stations around the plant perimeter fence, and 
at five stations located approximately 1 mile 
outside this fence (figure 3). Big Bayou Creek 
water is sampled continuously, and grab sam- 
ples are collected at five locations in the Ohio 
River. In addition, gamma radiation readings 
are taken each month at each of the air- 
sampling stations, with a Geiger-Mueller type 
meter, at a distance of 3 feet above ground 
level. 
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= sample point 50 
26 miles downstream 








Legend “ — 
© Water somole points 
8 Off-site air somole points 








Figure 3. Water sampling locations, Paducah Plant 


Basic standards 


The standards observed at the Paducah 
Plant for exposure to radiation and radioactive 
materials, both for the in-plant work environ- 
ment of employees and for offsite exposure of 
the general population, are those listed in the 
AEC manual (see footnote 2). 

The standards specify that the radiation or 
radioactive materials outside a controlled area, 
and which have resulted from operations with- 
in the controlled area, shall be such that it is 
improbable that any individual may receive a 
dose of external radiation greater than 0.5 rem 
in any year and that the average exposure of a 
suitable population sample may not exceed one- 


Table 5. Outdoor uranium air samples, Paducah Plant 
= 1965 








] 
| Uranium sein + pCi/m* | Meanas 
| Num- |_ ; ___| percent 
ber of | | | of con- 
Sample location * sam- | Maxi- Mini- | centra 
ples | mum | mum* | Mean | tion 
| limit 4 
eid ae 1% ‘ y | 
At plant perimeter fence | on} 
N bane —— 26 0.24 <0.02 0.064 3 
E - TTT} 26 | «0:16 | <0.02 | 0.035 2 
ee RET 26 | 0.23 | <0.02 | 0.032 | 2 
W ee 26 | 0.16 | <0.02 | 0.036 | 2 
Summary. ..-| 104 0.24 | <0.02| 0.042 | 2 
About one mile outside. | | 
_ Plant nents fence | 2 | ow | »o | 9.008 . 
a. ie at <0. .032 | ‘ 
Lap ae abe et > | 26| 0.15 | <0.02| 0.032 2 
Ss »anwel 26 0.15 | <0.02 | 0.036 2 
W | 26 0.21 <0.02 0.032 2 
i sckiichbsennsinennns | 26] 0.18] <0.02 | 0.036 | 2 
Summary.........- 130 | 0.21 <0.02 | 0.034 | 2 


* See map in figure 3. 
> As defined in NBS Handbook 69, paragraph 3.2, a microcurie of re- 
cently extracted normal uranium corresponds to 7.57 x 104 alpha dis/sec. 
fhe minimum detectable concentration of uranium in air is 0.02 
pCi/m?. 
4 The concentration limit for natural uranium in air released to the 
environs is 2 pCi/m’. 
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Table 6. Outdoor beta air samples, Paducah Plant 
January-June 1965 


Table 8. Concentration of beta emitters in water 
Paducah Plant, January-June 1965 
































Beta, pCi/m* Mean as Beta emitters, pCi/liter | Meanas 
Num- percent Num- percent 
Sample location * ber of of con- Sample location * ber of of con- 
sam- | Maxi- Mini- Mean | centra- sam- | Maxi- Mini- Mean | centra- 
ples mum mum > tion ples mum mum > tion 
limit ¢ limit ¢ 
At plant perimeter fence Big Bayou Creek 
N $sikvnb 0b 6606004605n08 26 1.8 0.2 0.60 0.06 Bateih6036606R40)0088 26 2,200 <100 210 1 
Miscasvedgadicaantinscced 26 1.0 0.1 0.44 0.04 Ohio River 
ict: -chhetlaaesvennee 26 0.8 0.1 0.35 0.04 Ce 6 700 <100 170 0.9 
Wiiupachdectaepatesesi 26 1.0 | <0.1 0.43 0.04 Composite of 50, 51, -52 
Summary---.......- 104 1.8} <0.1 0.45 0.05 Gnsse accatadensecal 6 100 <100 <100 <0.5 
About one mile outside 
plant perimeter fence 
Mestisesedsennscounsbe 26 1.1 0.15 0.42 0. * See map in figure 3. 
eb tisan nc sascsabdeace 26 0.9 0.11 0.36 0.04 >The minimum detectable amount of beta emitters in water is 100 
es te 26 1.1 0.16 0.41 0.04 pCi/liter. 
Wethankbe seanagimsen 26 1.1 0.13 0.41 0.04 ¢ The concentration limit for the daughter products of uranium in water 
Pebdichaséaaacesizancan 26 0.9 0.20 0.42 0.04 released to the environs is 20,000 pCi/liter. 
Summary---.....-.-- 130 1.1 0.11 0.40 0.04 




















* See map in figure 3. 

> The minimum detectable amount of beta emitters in air is 0.1 pCi/m’. 

¢ The concentration limit applicable to this table is 1,000 pi/m®*, which 
is the concentration limit of thorium-234, the daughter product of ura- 
nium-238. Insignificant amounts of other daughters are present in freshly 
refined uranium. 


third of this dose. To meet this standard, the 
average concentration of radioisotopes in air or 
water beyond a controlled area should not ex- 
ceed one-tenth of the maximum permitted for 
occupational exposure of 168 hours per week. 
For the purposes of such control, the concentra- 
tions of such radionuclides in air or water may 
be averaged over periods of time up to 1 year. 


Discussion of data 


Data summarizing the environmental con- 
centrations of radioactive materials in air and 
water and the gamma radiation levels in the 
vicinity of the Paducah Gaseous Diffusion 
Plant are presented in tables 5 through 8. 


Table 7. Concentration of uranium in water, Paducah Plant, 
January-June 1965 























Uranium, pCi/liter Mean as 
ESO 
Sample location * ber of of con- 
sam- | Maxi- Mini- Mean | centra- 
ples mum mum ¢ tion 
limit 4 
Big Bayou Creek 
DwihbbShsecoséincsvoss 26 22 <1 7 0.04 
Ohio River 
besdbvebetesdepetdnse 6 1 <1 <i <0.01 
Composite of 50, 51, 52, 
SRC Ree 6 2 <1 <1 <0.01 








* See map in figure 3. 

> As defined in NBS Handbook 69, paragraph 3.2, a microcurie of 
recently extracted normal uranium corresponds to 7.57 x 10* dis/sec. 

¢ The minimum detectable uranium in water is 1 pCi/liter. 

4 The concentration limit for natural uranium in water beyond a con- 
trolled area is 20,000 pCi/liter. 


Air samples are collected continuously at 
each of the four stations at the plant perimeter 
fence and at five stations at about 1 mile out- 
side the plant. Air is filtered at 0.3 cfm through 


January 1966 


2-inch diameter membrane filters which are 
replaced weekly and counted for alpha and beta 
activity. 


The average alpha count—interpreted as 
uranium, the most likely source of activity— 
of the 234 air samples collected during the first 
half of 1965 was 1.9 percent of the concentra- 
tion limit for people residing in the vicinity of 
a controlled area. The mean beta counts of the 
same samples were 0.04 percent of the concen- 
tration limit. 


The average of uranium analyses of weekly 
water samples collected by a continuous water 
sampler in the Big Bayou was 0.4 percent of the 
concentration limit for water beyond a con- 
trolled area. Six grab samples were collected 
each month from the Ohio River, below the 
plant. The uranium analyses for these samples 
showed concentrations less than 0.01 percent of 
the concentration limit. The average of beta 
analyses for the samples from the Big Bayou 
was 1 percent of the concentration limit for the 
decay products of uranium-238 in water be- 
yond controlled area. The average of the beta 
analysis for all samples of Ohio River water 
was <8 percent of the concentration limit 
when interpreted as uranium daughters. 


External gamma radiation in the vicinity of 
the Paducah Plant averaged 0.02 mR/hour at 
all sampling stations. 


Previous coverage in Radiological Health Data: 





Period Issue 
January—June 1961 January 1962 
July-December 1961 August 1962 
1962 peg 1963 
1963 July 1964 
January—June 1964 February 1965 
1964 July 1965 
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3. Portsmouth Area Gaseous Diffusion Plant * 
January-June 1965 


Goodyear Atomic Corporation 
Piketon, Ohio 


The separation of uranium isotopes by the 
gaseous diffusion process presents control prob- 
lems similar to any chemical process using toxic 
solvents and extraction solutions. Natural 
uranium and thorium-—234 are the most likely 
radionuclides to be released to the environment 
by the Portsmouth Area Gaseous Diffusion 
Plant. Since natural uranium is an alpha emit- 
ter and thorium-234 is a beta-gamma emitter, 
environmental monitoring is conducted for 
evidence of alpha and beta-gamma emitters to 
test the effectiveness of plant controls. 

Continuous air samples are collected monthly 
at 21 sites located from 1 to 6 miles from the 
plant as shown in figure 4. Monthly water 
samples are collected at 13 stations within 5 
miles of the plant. 

For the first half of 1965, the average con- 
centrations for both alpha and beta-gamma 
activity in the neighboring streams, creeks, and 
rivers, are above previously reported values. 
The overall averages and maximum values in 
off-plant waters, however, are well within per- 
missible concentrations. For alpha activities, 
the average and maximum concentrz:tions were 
0.19 percent and 2.98 percent of the concentra- 
tion limits, respectively, and for beta-gamma 
activities the average and maximum concentra- 
tion values were 0.49 percent and 18 percent of 
the concentration limits, respectively. 

The average airborne alpha activity also 
showed an increase compared with the past 
averages, while the beta-gamma airborne activ- 
ity declined. The average airborne alpha activ- 
ity was 16.1 percent of the concentration limit 
as compared to the usual 5 percent. In March 
and April, increases were noted and appeared 
to result from operating difficulties in a pro- 
duction area where uranium products had been 
released to the atmosphere during the reporting 
period. Two of the samples were in excess of 
the concentration limit for off-site locations. 

Background radiation rates decreased by 36 
percent from the previous 6-month period. As 
in the past, the onsite and offsite results are 
similar in trends with no appreciable difference 


3 Data summarized from B. Kalmon: Environmental 
radiation levels and concentrations, first half 1965, 
GAT 505 (July 19, 1965). 
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Figure 4. Air sampling locations, Portsmouth Area 
Gaseous Diffusion Plant 


between the two average values; therefore, it 
is concluded that the background counting rates 
are due to causes other than plant operations 
such as natural background and fallout from 
past nuclear detonations. 

Average alpha and beta-gamma concentra- 
tions in air and water are summarized in table 
9. The external gamma levels, measured at the 
air sampling locations shown in figure 4, are 
also summarized in table 9. The overall average 


Table 9. Environmental radioactivity, Portsmouth Plant 


























January—Jun2 1965 
Measurement Unit No. Av- | Average as 
of Maxi- | Mini- | er- | percent of 
| sam-| mum mum | age | concentra- 
ples tion limit * 
Air (alpha | 
concentration) ____|pCi/m* 126 4.6 | <0.1 | 0.3 16.1 
Air (beta-gamma | 
concentration) - - _ _|pCi/m!* 126 4.7|} <0.1 | 0.5 0.05 
Water (alpha 
concentration) - . . .|pCi/liter 74 586 | <0.5 | 37.6 0.19 
Water (beta-gamma 
concentration) _ _ . _|pCi/liter 73 3,600} <14.0) 98.8 0.49 
External beta- 
gamma »......... ented 7 0.05 0.01) 0.03 30 
! 








* The applicable concentration or exposure limits are as follows: 


ic. tdecvascuaced 2 pCi/m 

Air (beta-gamma) -._.......-- 1, pCi/m!* 

Water (alpha)..............- 20,000 pCi/liter 

Water (beta-gamma) - - - _- ...- 20,000 pCi/liter 

External beta-gamma..._--.-_.- 500 mrad/yr (approx. 0.06 mrad/hr) 


b> Measurements were made with an open shield Geiger- Mueller tube one 
foot above ground. The 3-foot rate (not shown) was experimentally 
determined to average two-thirds of the 1-foot rate and was used to 
determine the percent of the concentration limit. 
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concentrations and background radiation rates 
for January-June 1965 are presented in table 
10, along with the values for the corresponding 
period in 1964, the second half of 1964, and 
the calendar year 1964. 


Previous coverage in Radiological Health Data: 
Period 


First and second quatrers 1961 
bi and fourth quarters 1961 
1 


Issue 


February 1962 
September 1962 





May 1963 
1963 July 1964 
1964 July 1965 


Table 10. Comparison of average concentrations, Portsmouth Plant 





First half 1964 


Second half 1964; Calendar 1964 First half 1965 





Measurement 
Percent of 


exposure limit * 


concentration or 


Percent of 
concentration or 
exposure limit * 


Percent of 
concentration or 
exposure limit * 


Percent of 
concentration or 
exposure limit ® 





Water (alpha concentration) -_----.---- 


0. 0.07 0.19 
Water (beta-gamma concentration) ---- <0.07 <0. :07 <0.07 0.49 
Air (alpha concentration) ---.....----- 5.0 5.50 5.0 16.1 
Air (beta-gamma concentration) - - - - - - 0.23 0:08 0.15 0.05 
Overall background exposure, extrap- 
olated to 3 feet above ground (mrad) - - 47 47 48 30 

















* The == concentration or exposure limits are a 
Air (alpha) 2 pCi 


Air (beta-gamma) 1,000 Ci /m* 
Water (alpha) 20, 000 pCi/liter 
Water (beta-gamma) 20; 000 pCi/liter 


External beta-gamma 


8 follows: 


500 mrad/yr (approx. 0.06 mrad/hr) 





IODINE-131 IN BOVINE THYROIDS, JANUARY-JUNE 1965 


Division of Radiological Health 
Public Health Service 


To supplement its existing environmental 
radiation surveillance systems, the Division of 
Radiological Health in October 1964 established 
a Bovine Thyroid Network (1). Specimens are 
collected by the Meat Inspection Division, U.S. 
Department of Agriculture, and analyzed for 
iodine-131 content at the Northeastern Radio- 
logical Health Laboratory, Winchester, Massa- 
chusetts.? 


tion of May 14, 1965, was clearly evident in 
samples collected in June 1965. A discussion of 
bovine thyroid results in relation to other en- 
vironmental sampling results following the 
second Chinese test appeared earlier (2). 


REFERENCES 


(a) BARATTA, E. J., E. R. WILLIAMS, and G. MUR- 





Details of sampling and analysis have been 
published earlier (1). Data for January 
through June 1965 appear in table 1 (page 48). 
The influx of fallout iodine-131 following the 
mainland China atmospheric nuclear detona- 


1The samples are analyzed under the direction of 
Mr. E. J. Baratta. 
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RAY. lodine-131 in ’ bovine thyroids, October-Decem- 
Rad Health Data 6:573-578 (October 


ber 1964. 
1965). 


(2) DIVISION OF RADIOLOGICAL HEALTH, PHS. 
Detection of fresh fission product material in en- 


vironmental samples followin 
detonation on the Chinese 


Data 6:587-589 (October 1965). 


the second nuclear 
ainland. Rad Health 
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Table 1. Iodine-131 in bovine thyroids, January-June 1965 






























Date of | Number pCi iodine-131/g thyroid 
State and county of origin slaughter of Age in years 
(1965) samples 
Average Minimum Maximum 
Ariz: 
CT eae 2/18 2 | Unknown *ND 
BNR. 0 o cndigwbaddecésece 5/6 1/1 ND 
Calif: 
eee 1/6 1/|4 ND 
Divas ou deuuctpatqucdecdt 1/8 1/4 ND 
, ctbiintib toca nsbtscisahl 1/ll 1|\4 ND 
RSPR AEST ET A 8 1/13 2) 4-5 ND 
I . «cotpmebacoansee 1/4 ND 
eS ee ee 1|4 ND 
San Bernardino. --_........--- 1/19 2 | 6-7 <1 ND 1,140.9 
SS Re ee 2/1 1/5 ND 
Ns co ndvebbbbandecteu 2/9 1|5 ND 
EERE 35. ¢- S CS 2/15 2) 8-9 ND 
DEEbs on accaecdsbovedeavon 2/16 2)|7-8 ND 
Oe... cadesdotentwes 2/17 2 | 9-10 ND 
PS cchvisbYdeldion wks 2/18 2; 6 ND 
Ss hs inven nodinn ma 1|6 ND 
Se ee ae 2/19 2 | 6-8 ND 
ON! See eee 2/23 1/5 ND 
San Bernardino----.-.---.----- 1|6 ND 
TL. <.tcecetenéeend 2) 5-6 ND 
Santa Barbara---........---- 1/5 ND 
i 2/24 3) 7 ND 
Da LaGsipidedutentcxtes 2/25 2 | 6-7 ND 
De BEEN. . .tncccoctecceecs 4) 5-6 ND 
CMS bis. vcncdsccdud 2/26 3 | 5-7 ND 
Ss dav bvlabibba sot — | 1/6 ND 
RS nti oe aah divs enntl 1|7 ND 
Marin__._. 3/2 1/5 ND 
Riverside_____._- 7 3/2 2/6 ND 
anne 2) 5-6 ND 
REN EIT AT 1/|7 ND 
DED, Sddsnwcnaccecanck 3/3 9) 4-5 ND 
ae 1/6 ND 
Rs. duane doeceuden 1/5 ND 
a 3/4 2/5 ND 
DOD Od dwpucecucwne eee 1|4 ND 
a relearn 1/2 ND 
OS SSSR Shae 1|\6 ND 
Ree 5 d.... octkadedubdon 3/5 2) 5 ND 
Monterey . seCataata 2 | 6-7 ND 
NETS LEI 3/8 2) 5-6 ND 
DR s tbynk ities <dceueedd 2 | 67 ND 
a a 2/6 ND 
PP iihtodseeccchasusenne 3/9 2 | 6-7 ND 
ta sit we 1/8 ND 
San Bernardino...........--- 115 ND 
a el 3/10 1) 4 ND 
ee Rd be sabbere 2)5 ND 
San Bernardino. ........----- 1/5 ND 
DEG « dd cSctuccecnkhe 2 | 7-8 ND 
i i, See 2) 46 ND 
DM RiCS d26¢ Gcagenuadend 3/11 2/8 <1 ND 1.440.8 
Nas, ccna tsidotionens 3/12 2/8 ND 
 .tVschesseosbued 3/15 2\7 ND 
il LES TORE 2 | 5-7 ND 
PE ci ccukinctchcuves 3/16 1/5 ND 
I iki oe aia « deenhot 2 | 5-6 ND 
SEMEN at daubcod ceckeoe a ND 
Sane, 3/17 1|4 ND 
Gan Joaquin. ...............- BRS ND 
RE 3/18 2) 5-8 ND 
Los Angeles................-- 1/3 ND 
EN RGR 3/19 Bh ND 
Riverside 3/22 2 | 6-8 ND 
ed et el ie ead 2\7 ND 
Los Angeles 1|3 ND 
Monterey 2) 8-9 ND 
A i a 2) 5-6 ND 
Orange..__._... 1|5 ND 
Tulare. __. 2) 10-11 <i ND 1.340.9 
Fresno. . 2) 8-10 ND 
Los An 2 ND 
Poy 3 | 57 ND 
es 3 | o- 
SN I 1|8 ND 
a a sacsiincedaece 2/6 ND 
San Bernardino.............- 3/31 10 | 6 ND 
S| ae Pa 2/8 ND 
ES ae 4/1 1|7 ND 
chien ikkedatenesscnnh 1 | 6 ND 
EE Ee 4/2 2 | 6-8 ND 
8 ES Sarees 2 | 6-7 ND 
= eg OY a 2 | 3-5 ND 
IERIE ee RI oe. 4/5 2 6 ND 
DE bbttbiestcdcososmuen oe ND 
Prop “ lt tp 
RS? Geer f 
| eaanepeneennasennnts 2\8 ND 
San Bernardino..........-.-- 10! 6 ND 








See footnotes at end of table, p. 53. 
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Table 1. Iodine-131 in bovine thyroids, January-June 1965—Continued 
































Siete and connie of anlaie p ..) rol Humbe ade pCi iodine-131/g thyroid 
(1965) samples ~*~ 
Average Minimum Maximum 
Cee —Contionss 
TeBNO......---.----------.. 4/8 
Los Angeles.................. / te ND 
lerced. -....---------+----- 1/8 ND 
San Benito. -............--.-.- 1/3 <1 
Angeles_..-.-....----.--- 4/9 BE; ND 
Sacramento---........------- 1/3 ND 
jan Joaquin. -...........--.- 1 ND 
Monterey. -.....------------- 4/12 2 | 9-10 ND 
Mariposa....-.-------------- 4/13 2/8 ND 
TURD. «202 0--nnnnenens-n-e- 2| 4-11 ND 
FIGURD... .--------nense---0- 4/14 2| 10-11 ND 
Merced. - ....--------------- 4/15 2 ND 
_-- Saeesenepgmesnegases aie 2 ND 
eka Sree ee sae, 9 2} 10-11 1.4 1,241.0 1.541.3 
Los Angeles.......----------- 4/20 3 | 2-8 <1 D ms 
Bam BEGINS. « .cccccccccnccecs 2/89 ND 
Los Angeles.....-.----.--.-.- 4/21 2 | Unknown ND 
SOGTAMRORES.....~-----0----0-- 2| 7-8 1.2 1,040.9 | 1.341.0 
Nae rarer erage: 4/22 2|7 1.0 ND 1.9+40.9 
148 ASGUNB......--.--------- 10 | 6 >1 ND 1.440.9 
RS SENN EEE t/a Hi ak 
SaEReeRssenn seh sananan 2/8 2.2 1.441.2 | 3.141.6 
Los Angeles_--..-.--.-------- 4/27 2| 7-8 ND = 
Monterey -.--..-.------------- 2 | 9-10 ND 
Santa Barbara---...-.-....-- 1/8 1.441.0 
— spocdeebiacegnons 4/29 1 | Unknown ND 
RIVERS... -------2-2------ 1] 5 1,140.9 
San Bernardino. ....----..-.- 1/9 2041.0 
reer nnnnone=onoennes ml 2| 45 1.4 1.340.9 | 1.61.1 
peomagscoonaneccs ances 2 . 641. 341, 
son ‘Bernardino pecscceceseces 1/3 1.5+40.8 s.Omk1.3 2.31.4 
Los Angeles................-- 5/3 217 ND 
Meresd-- - .----------------- 2| 4-5 <i ND 1.341.1 
Gen Joaquin......----------- 5/4 2| 8-9 1.8 1.540.8 | 2.141.1 
Monterey - ------------------ 5/5 1/5 2.0+1.1 
San Joaquin. .....-.-------.- 1/8 1.040.7 
Imperial.---...-------------- 5/6 1] 2 ND 
Los Angeles..---------------- 2|7 <1 ND <1 
Merced - - ------------------- 1| 2 2.241.0 
Stanislaus ------------------- 2 | 1-11 1.2 1140.7 | 1.440.7 
San Joaquin. -----.--------.- 5/7 1|4 ND 
Santa Clara..--.....-.--.---. 1| 4 1.240.8 
Stanislaus. --.------------.-- 5/8 1|5 1.441.0 
Fresno-.-.------------------ 5/10 1/3 3,041.4 
Merced - - --.---------------- 1/5 ND 
Merced - . - ------------------ 5/11 115 ND 
San Joaquin. --.------..----- 1/9 1.541.2 
Angeles. --.--.--.------- 5/12 1/6 ND 
San Joaquin. -......-----.--.- 2|4 1.7 1.51.0 1.941.4 
Angeles. ----.------------ 5/13 2| 7-8 1.5 ND 2.941.1 
Sacramento--...-----------.- 1/4 ND 
San Bernardino. .......-...--. 1/6 1.0+40.7 
San Joaquin. --.-------------- 1/6 2.341.4 
Tulare--...------------------ 2/15 <1 ND 1.541.0 
San Joaquin. -~....---.----..- 5/14 2/68 ND 
Madera -.-.------------------ 5/17 2 | 6-7 ND 
Los Angeles......------------ 5/18 1/6 ND 
San Joaquin---....-..---.-.-.- 2/16 ND 
Los Angeles. ---...---..------ 5/19 1/5 ND 
San Benito----.-......-----.-- 2/6 1.0 ND 2.0+41.0 
Tulare......-------.------.- 5/20 2/6 3.5 3.041.0 4.041.0 
Fresno......-.--------------. 5/21 2 | 10-11 <1 ND <1 
BO wn cnn ene enneanceeen-- 5/24 1 | 10 ND 
Los Angeles----..---.-------- 1|4 ND 
8 aus. ~-.--------------- 1/8 ND 
Los Angeles..-......--.------ 5/25 3 | 5-8 ND 
Tin dohounnansaneppeon 10 | 6 <1 ND 2.0+1.0 
San Joaquin..-.--.-.------- - 1] 12 4143.0 
San Luis Obispo-------..--.-.- 1|9 29 +2.0 
| | CT 5/26 1| 5 D 
Riverside.........----------- 1/3 ND 
San Joaquin. ................ 1/8 
BER cnecchsncensehones 1] 11 4.0+2.0 
Dinedescseeosesseneces 5/27 1/3 ND 
DER pocsacunscespeces 4| 47 ND 
. ss RARER a7 2 | 20 50 4241.0 5841.0 
DE inccnocedasvnceveces 6/1 1/4 ND 
Tn <cpevencscgpnesd 2|7 12 10 +1.0 1441.0 
Dt dcceeconarasetooen 6/2 2 | 9-10 ND 
BE Renn cccccescnsbocse 3 | 5-8 6.0 ND 18 +1.0 
EARL. -cosascuscsmaces 6/3 1|5 2,041.0 
cn ccctoccenessese 4| 5-8 62 3.0+1.0 1752.0 
i Losccenssetcebeses 6/4 2| 8-9 112 107 +2.0 116 +2.0 
Jenperiel...cccccccccccecccces 2/3 1,0 ND 2.0+1.0 
CS Eee erence 2 | 9-10 70 67 +1.0 7441.0 
— Bernardino. .........-...- 1/8 ND 
FEE Bscncccceccccccccccesse 6/7 2/8 30 16+1.0 45+2.0 
BERENR a cnccuccccsescosecese 6/8 2/6 32 15+1.0 48+2.0 
E49 ASGUNE..nccncccccsecocces 6/9 3 | 6-7 ND 
Madera... .....--.----------- 1/8 3341.0 
i chbtetecsessessrsae 6/9 1|8 
Santa Barbara--........-.-..- 2' 46 D 


See footnotes at end of table, p. 53. 
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Table 1. Todine-131 in bovine thyroids, January-June 1965—Continued 





State and county of origin 





San Luis Obispo.............. 
ECS » «Jd akbnedivcwai 
— FF Re oe ae 





Orange 


_ | RGA. 


Din cccedkhinnadn cases 











Pbhdcoscecsecceuhscce 
A 




















Date of | Number pCi iodine-131/g thyroid 
slaughter of Age in years 
(1965) | samples 
Average Minimum | Maximum 
6/10 4) 4-8 49 D 141+2.0 
6/14 2/8 80 27+2.0 134+2.0 
Sif 22 4.0+41.0 39 +2.0 
6/15 2/;3 ND 
2/|7 83 78+2.0 88 +3.0 
2);5 8.5 6.0+1.0 1141.0 
2/)6 118 101+4.0 136 +2.0 
6/16 1/5 ND 
1/6 ND 
2/6 5.0 4.0+1.0 6.0+1.0 
6/17 2 | 5-6 53 7.0+1.0 99+2.0 
1|7 ND 
6/21 1/5 ND 
1|5 32+2.0 
2/8 25 1742.0 33 42.0 
6/22 3 | 6-8 ND 
2] 8-9 52 36+2.0 68 +2.0 
1/7 D 
1|7 18+2.0 
2/6 10 9.0+2.0 12+1.0 
6/23 1/5 ND 
1/3 ND 
6/25 2 | 3-4 13 1242.0 14+1.0 
1\;4 3.0+41.0 
1 | 20 19+1.0 
6/28 2) 5-6 5 2.0+1.0 9.0+1.0 
6 | 5-10 4.0 D 1342.0 
1|7 48+3.0 
6/29 1|7 D 
1/6 6.0+1.0 
1/8 D 
1|4 5.0+41.0 
6/30 2/9 0 7.043.0 1141.0 
1/20 1/8 ND 
1/22 1 | 10 ND 
1/8 ND 
1/25 1/6 ND 
1/26 1/6 1.4+0.9 
1/27 1;9 D 
4| 6-9 <i ND 1.440.7 
1/28 1/6 ND 
2/8 1|6 ND 
2/9 1|7 ND 
2/19 1/3 ND 
4/21 4| 7-8 <1 ND 1.9+0.9 
4/22 2);6 .0 ND 2.0+1.1 
4/23 1 | old range cow | 2.341.7 
1 | old range cow | 23+1.1 
4/26 4 | 9-11 <i ND 2.141.2 
/29 4|2 1.2 ND 2.641.7 
4/30 1 <i 
5/7 1 | Unknown ND 
5/10 1|4 ND 
5/12 1), 5 1.8+1.0 
1)4 ND 
5/13 3 | 4-5 ND 
5/17 1/6 ND 
5/21 1|7 ND 
6/1 2/\7 10.5 10+1.0 1141.0 
6/7 1/8 170+2.0 
6/9 1|2 60 +1. 
4) 46 26.5 5.0+43.0 49+2.0 
6/21 5.| 4-12 240 ND 1244.0 
6/23 1|;4 ND 
6/24 2 | 5-6 120 ND 240 +1.0 
6/25 5 | 6-8 ND 
6/28 4 | 6-7 119 62+2.0 197 +2.0 
1/6 1/6 ND 
1/8 1/6 ND 
1/13 1/|6 ND 
1/14 1|7 ND 
1|6 1.9+41.3 
1|6 4.741.5 
2/4 1|;8 3.420.9 
2/22 1|7 ND 
2/25 1/;9 ND 
3/4 1) 2 ND 
3/22 6 | 5-7 1.5 ND 2.541.0 
3/26 1|6 ND 
4/16 1} 11 ND 
4/22 1; 10 ND 
2) 7-10 ND 
4/23 1|7 2.341.0 
4/30 2 | 6-7 8 1.520.9 2.2+40.8 
5/10 1/7 1.641.2 
5/27 1/6 D 
1|7 2.0+1.0 
6/9 1/3 36+1.0 
6/10 1|7 80+1.0 
Se 33443.0 


See footnotes at end of table, p. 53. 
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Table 1. Iodine-131 in bovine thyroids, January-June 1965—-Continued 





State and county of origin 





January 1966 





Ga—Continued 
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i ieciicusaviveceuctunts 
Ee ee 




















See footnotes at end of table, p. 53. 

















Date of pCi iodine-131/g thyroid 
slaughter Age in years 
(1965 
Average Minimum Maximum 
1/9 69 +2.0 
2/)4 46 ND 9141.0 
1/5 20+1.0 
2-8 35 19+0.6 5240.9 
5 2.0 1.5+0.6 3.340.8 
5-10 821 35+1.0 1970 +7.0 
213 ND 
1|7 ND 
3/8 1/2 ND 
3/25 3 | 5-7 ND 
6/4 1/6 404+4.0 
6/9 1/6 379 +4.0 
6/29 2/6 8 119+2.0 196 +3.0 
2/26 2] 2-5 ND 
3/25 2) 7-9 ND 
4/12 2 | 6-7 ND 
4/15 2 | 5-6 ND 
1/5 2.56+1.14 
2) 5-15 ND 
1] 15 ND 
2) 8-10 ND 
2 | 6-7 ND 
1|7 ND 
7 | 47 ND 
1|3 ND 
2| 68 ND 
/ 8 | 6-8 ND 
1/26 3 | 6-14 ND 
1/28 1} 15 ND 
1|6 ND 
2/1 3) 5-6 ND 
2/5 1) 5 ND 
2) 68 ND 
2/9 6 | 2-7 ND 
2/22 2 | 67 ND 
2/26 2 | 6-8 ND 
3/4 2 | 9-12 ND 
3/8 3 | 9-11 ND 
3/10 1/6 ND 
3/12 2)5 ND 
3/22 10 | 4-10 ND 
4/2 10 | 49 ND 
2 | 5-6 ND 
3 | 2-4 ND 
5 | 5-7 ND 
4| 5-6 ND 
5 | 5-8 ND 
3 | 6-10 ND 
5 | 3-6 ND 
4| 3-6 ND 
4} 5-8 ND 
3/5 ND 
21 | 6-10 ND 
5 | 46 ND 
5 | 5-8 ND 
4 | 3-10 ND 
4) 5-9 ND 
4|48 ND 
4 | 911 <i ND 2.3 
4 | 7-10 1.2 ND 1.9 
4 | 3-6 <1 ND 1.3 
4 | 5-7 ND 
2/15 ND 
1 ND 
4 | 6-7 ND 
4 | 9-12 ND 
4| 3-6 ND 
4| 3-9 4.8 ND 8.0+6.0 
4) 49 27 5.0+2.0 7643.0 
4| 3-6 46 8.0+1.0 130 +3.0 
4|46 79 5.0+1.0 165 +3 .0 
4| 5-6 45 37 +2.0 5442.0 
4|\;49 152 442 +4.0 
4] 5-12 212 39+2.0 
4) 46 39 26+1.0 5241.0 
6 | 12 ND 
10 | 12 ND 





Table 1. TIodine-131 in bovine thyroids, January-June 1965—Continued 
































a Date of | Number pCi iodine-131/g thyroid 
State and county of origin slaughter of Age in years Aine 
(1965) | samples 
Average Minimum Maximum 
N. Y—Continued 
Cattaraugus. -.........-..-.. 1/28 6 | 12 ND 
Cattaraugus--...-....-....-. 6 | 8-12 ND 
Cattaraugus --......-----..-- 2/11 4] 12 ND 
Cattaraugus--....-..-.....-- 2/25 3/5 ND 
Cattaraugus--......-..--.... 3/4 3 | 5-6 ND 
Chautauqua---.----.-..---.-- 3/11 4| 5-6 ND 
Cattaraugus ----..-..-...-.-.- 3/18 6 | 9-11 ND 
Cattaraugus----.--......-..-- 4/1 1/11 ND 
Cattaraugus---...-.-..----.- 4/22 3 | 10-13 ND 
Cattaraugus ---.----....-.--- 4/29 4| 1-14 <1 ND 1.2+40.9 
Cattaraugus ---.........-.-.- 5/6 8 | 6-15 <1 ND 1.1+40.9 
Cattaraugus. -..........-...- 5/20 3 | 4-14 ND 
Cattaraugus. --..---..-...-.- 5/21 4} 1-11 <1 ND 2.441.2 
Cattaraugus. ......-......--- 5/27 3 | 7-9 66 10+2.0 146 +3.0 
N. Dak: 
Dickey ---.---.-------------- 4/23 6 | 5-6 4.5 1.141.0 | 8.940.8 
Okla 
Cotton..........------------ 4/2 1|7 ND 
8. C: 
i csthives ia assicuiiomed 5/12 2| 7-8 2.8 2.3+0.8 3.2+1.1 
8. Dak: 
Buffalo........-...-.-..--..- 1/15 21 | 6 ND 
PE ipaknbawcocscosstcones 2/17 ND 
Douglas-..-...--------------- 2/15 3/6 ND 
ke..---------------------- 2/16 2/16 ND 
McCook..-...--------------- 5 | 5-10 ND 
Beadle.......-----.-----.--- 2/24 3 | 3-8 ND 
Brown.-...------------------ 3 | 7-14 ND 
ce, 1/3 ND 
Turner.......-------.-...--- 3/4 7 | 47 ND 
Aurora....-.---------------- 3/5 1/14 ND 
ee 1 | 12 ND 
Brule-....------------------ 3/9 5 | 4-8 ND 
Kingsbury ......-...---------- 5 | 2-15 ND 
Turner.....-.---.-.--------- 3/17 2| 2-3 ND 
Minnehaha -.----------.----- 3/18 1 | 15 ND 
BENE Be a oc ncccupeesooen 3/19 1] 10 ND 
Turner....------------------ 4 | 10-15 ND 
Douglas-.......------------- 3/25 8 | 6-10 ND 
Oo oe 3/31 1|7 ND 
Pl. sonckscenevasned 1/8 ND 
Ske FNS OR 4/1 1/9 ND 
a 4/2 1/7 ND 
Aurora.....-.--------------- / 10 | 5-6 ND 
PE inncanvcsccnabnaas 4/13 1/7 ND 
De dcnesnceccconneces 4/14 215 ND 
BIOWB. <ccacocccccsccennsses 5/7 1/5 1.040.5 
BAM « codensveccucescpccee 2| 4-5 <1 ND 1.940.5 
Ss cacandmahnsinnn atl 2) 5 ND 
_ 2s ee ee 5/11 1/3 1.6+1.1 
Se 2)\4 24 17+1.4 3241.6 
hi aaa Cee 5/13 3 | 5-6 7.3 ND 19+1.2 
eee shal esnaiieea eyed sgetiee 5/27 2 | 5-6 110 73 +2.0 146 +2.0 
EE chee nbahos esmagad 4| 5-7 372 8.0+1.0 657 +3.0 
i ehadnddtpds sees cui 6/4 1/1 295 +3 .0 
i ipkdupenwincmoced ay 63 +2. 
ad nein tse shel aane 6 | 4-15 346 165+2.0 540 +3 .0 
Eh cnbnssedebedimenascd 6/9 1/9 116+2.0 
tiicnededhsdtsentbonna ee. 48+1.0 
Pn ttcbhenensoscooseensee 6/24 9.| 8-11 154 84+2.0 235 +2.0 
ND ceichadinardvebondeaere 6/28 4 | 5-7 206 182+2.0 219 +3.0 
ee SS ee aa 6/30 6 | 4-8 177 90 +2.0 228+2.0 
Tenn: 
SD cchvansaonsttads ince ET? ND 
DEE iitikatinnarwcmedcinces 1/14 10 | 3 ND 
dn bcibinenamenne 2 | 3-5 <1 ND 1.541.4 
Re ee 2/5 1|4 ND 
le ES Rl Ee 2/23 1) 5 1.140.8 
Ghd. sasgseepibeaacailia 3/8 1|4 ND 
Pi intbkegdher= vaehbnese a 1/3 ND 
ees ee 1) 4 
dias Camtigindens wal 3/16 1/3 1.140.6 
ih nuncencotachensie 3/25 3 | 2-3 ND 
EL, nonecvadeskemson 3 | 5-6 1.6 1.341.2 1.941.1 
itd neonaneonthiece 3/26 313 ND 
ncine ~stitkhananewdl 3 | 4-6 ND 
Ee antinWantantrn Snweiil 5/26 1/8 7.0+1.0 
i nccilednetionneadsews 5/27 1/9 8.0+1.0 
i dsvatictantnssbnnnou 6/3 4| 47 522 439 +3.0 681 +46.0 
SL dvaos Gebsibehacsas 6/7 1/6 32443.0 
Ss oa 8 1|2 447+4.0 
CE dcacknctdatioboooce 6/17 1/6 145+3.0 
GE A. cnckinnduliiomosoes 6/28 1/6 126+2.0 
Dt. doc ateibestoknonsen 6/29 1/6 83 +2.0 
Tex: 
Dtichdcastssonénbooses 2/6 1/6 ND 
LS Ee 2/22 1; 2 ND 
CE dletthidaltntbendemapeows 3/9 1/1 ND 


See footnotes at end of table, p. 53. 
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Table 1. TIodine-131 in bovine thyroids, January-June 1965—Continued 
































Date of | Number i iodine-131/g thyroid 
State and county of origin slaughter of Age in years me ecko 
(1965) | samples 
Average Minimum Maximum 
Tex—Continued 
Rn ccncwecccescwccccccccces 5/19 1/6 ND 
Di iinchedhibnbnowdndédl 1/5 ND 
PE irnéneusahbaranepnene 217 <1 
Tarrant. ......-22226---2---4 1/5 25+2.0 
CER nc con cncassccnsencces 6/22 1/6 60 +2.0 
TestOMh .... wcccceeweccowccece 2/15 12 1141.0 1341.0 
Utah: 
OS ee eee /3 1/4 ND 
Sanpete--......-.....-.------ 3/11 1/6 ND 
Sevier Eewasdnnin dn aipeedbipecren 2|7 ND 
Oe RS eR DEP 27S 3/12 1/3 ND 
esr aa 3137 ND 
Utah 22-2 cence ccccccsccccces 1/3 ND 
PP am cnapeansepoccesasocn 113 ND 
, eee 3/24 1|7 ND 
_. See 1|7 ND 
We iics oc nvisaccnbinns 1/8 ND 
PE EE sicnogeoscetnassens 3/25 7\4 <1 ND 1.4+41.1 
2. Sey 3/29 3/8 ND 
4 ee 3/31 2/13 ND 
Pin. cttdetinesseccusesence 4/1 5|5 ND 
oO Se Smosbontens 4/2 1/5 ND 
Weber. -.-.-...---.---------- 4/15 2) 5-11 ND 
Unknown.........----------- 3 | 6-7 ND 
Sevier......-.--------------- 5/4 3 | 3-4 2.6 1.240.5 3.6+40.8 
TEE. noccnncossecccseocecas 5/5 2) 3-4 <1 ND 1.8240.7 
Se 5/12 5 | 4-5 <1 1.6+0.7 
SR bad cdewudeodaentoked 5/26 1/8 7341.0 
.  _ See 4/8 124 6.0+1.0 305 +3.0 
WORE... cc ncccnccccccccccues 6/10 5 | 6-9 164 4.0+1.0 399 +6.0 
cane ddegeewenspecatnees 6/25 4| 5-6 118 0 216+7.0 
Vt: ; 
DD. ccnthuneétnewoutsinnd 2/18 5 | 3-5 ND 
Orleans .-........----------.- 5 | 1-6 ND 
ES ec cenenconeneoucces 2/23 2| 7-8 ND 
NS ye 10 | 2-6 ND 
Orange--.-.----------------- 2| 7-8 ND 
Frankl... ......--cceccce- ce 3/1 10 | 2-6 ND 
ae 3/8 5 | 2-10 ND 
ESE 1 ND 
Drs necnteceteubbiaweds 3/9 3 | 2-8 ND 
DED 0 caccenncouswessons 3/15 10 | 2-5 ND 
Franklin--.-.....----------- 3/24 5 | 5-9 ND 
CHERED 2c a ccconccoccessucese 1/8 <1 
eee ee 4/5 8 | 5-9 ND 
in <asdednbounbonbuiinn 4/12 10 | 2-8 ND 
OS Ee 4/19 5 | 3-6 ND 
iv dnbwnpédindune wnbinked 4/26 10 | 2-6 “D 
DE R.cncotgeeeeusdbesean 5/3 9) 4-8 <i ND <1 
0 ELS OS: 5/10 10 | 3-6 ND 
Pace csnnsenuvetseewndl 5/17 10 | 5-10 ND 
OS ESE aE er 6/1 8 | 3-8 29 3.0+41.0 45+1.0 
ee 6/2 10 | 4 ND 
Pi cantaticonwdwesened 6/14 6 | 5-9 126 1141.0 224342.0 
Ts -tetiebednewsseudd 6/15 10 | 3-6 ND 
eee 6/29 16 | 2-7 16 ND 78+1.0 
Wyo: 
PGRN. : <-ethmsticmeuntaimaal 5/18 1\4 <i 





« ND indicates observed value equal to or less than 2¢ counting error. 
> Purchased in Los Angeles County. 
¢ Counting error is 2 standard deviations. 
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REPORTED NUCLEAR DETONATIONS, DECEMBER 1965 


Three United States nuclear tests were an- 
nounced by the Atomic Energy Commission 
during December 1965. All of the tests were 
conducted underground at the Nevada Test 
Site. A test of intermediate yield (200 kilotons 
to one megaton of TNT equivalent) was con- 
ducted on December 3. Two tests were con- 
ducted on December 16, one of low yield (less 


than 20 kilotons), and the other of low-inter- 


mediate yield (20 to 200 kilotons of TNT 
equivalent). 


A British nuclear test, conducted under- 
ground on September 10, 1965, at the Nevada 
Test Site was reported to have been in the 
low-intermediate yield range. 
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SYMBOLS, UNITS, AND EQUIVALENTS INTERNATIONAL NUMERICAL MULTIPLE AND 
SUBMULTIPLE PREFIXES 

















Symboi Unit Equivalent 
M 
Prefixes Sym! Pron tions 
— electron volts....... see GeV submultiples _ — 
WUD, <0is Hho sins nde snate 37 X 10% dps 
centimeter(s)..........-.. 0.394 inch 
counts per minute aes - tera a r a 
tions per mi giga ga 
disir*=crauions per 108 — M Pas 
@etiron volt.............. 1.6 X 10-" ergs 108 kilo k kil’ o 
gram(s) 10 hecto h h&k' to 
electron volts... ...... 1.6 X 10-3 ae 10 deka da dtk’ a 
jlogram(s)........-..---- 1000 g = 2. Ib 10-4 deci d d&s’ i 
ae ki (s) 10" centi c stn’ ti 
104 milli m mil’ i 
.| eubie meters 10-# micro u mi’ kro 
mCi7 2 milieu il 0.386 nCi meter 10-13 = > sees 
mCi/m?*_.- curies per square mile__ i per square * co 
(mCi/km?) 10-4 lemto P to 























roentgen 
WE Gaisinsion unit of absorbed radiation | 100 ergs per gram 
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